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PREFACE. 


The object of the Work now submitted to the public is to in- 
dicate the probable origin, and to trace the pi ogress, of astrono- 
mical science. Setting out with a view of the heavens, the 
sentiments which that view may be supposed to excite are 
dcsciibed, and the purposes to which the most obvious pheno- 
mena might be made subservient arc stated In the next place, 
the manner in which the ancients endeavoured to explain the 
constitution of the universe, and account for the movements ob- 
served in the heavenly bodies, is shewn. The successive changes 
made in the celestial mechanism, in proportion as the phenomena 
wore more attentively considered, aie then detailed, anA the 
Work terminates with an outline of the system founded on the 
received hypothesis of gravitation. 

From the relations transmitted by some of the ancient writers, 
and from those delivered by modem navigators, we find that 
men, in the lowest grade of civilisation, have always entertained 
nearly the same ideas concerning the forms of the earth and 
heavens, and that they have drawn those ideas immediately from 
the mfoimation afforded by the senses alone. It is certain, also, 
that from the time at which the proper movements of the sun, 
moon and planets were first detected, till the hypothesis of the 
earth’s motion was recognised, in the days of Copernicus and 
Kepler, the opinion that each of those celestial bodies was at- 
tached to the Ksurface of a revolving sphere was universally held. 
But the faint and dubious hints to bo found in the existing 
works of the ancients being insufficient to guide us to a know- 
ledge of the manner in which the peiiodical revolutions of the 
planets were originally observed, this is, necessarily, m part, 
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supplied by conjecture. In the following pages, however, caie 
has been taken to suppose, in the discoveier, no previous in- 
formation, except such as might be furnished by those pheno- 
mena which are manifest to an unassisted eye, and which could 
not have escaped an attentive observer , and it will, probably, 
be admitted that the notions imagined to arise on contemplating 
the moving bodies in the fiimament aie precisely those which 
would occur to the mind of an intelligent spectator, if placed 
in such circumstances 

It has been attempted, in the piesent Work, to connect the 
history with the fiist elements of astionomy, in older that they 
who seek to obtain a knowledge of the science may derive as- 
sistance at the commencement of their enquiries, when any 
difficulty which the student may happen to encounter is most 
hkely to deter him from the pursuit , and when, also, to keep 
alive his interest in the subject, there is need of some such al- 
lurement as may be found in a relation of the steps accom- 
plished by the celebrated men of past ages Nor can it be 
doubted that the generous desire of participating in the renown 
acquired by the ancient masters in astronomy must, to those 
who have arrived at its principles by thus tracing the succession 
of discoveiies, present an inducement, under favourable oppor- 
tunities, to join their efforts for the improvement ol the science 
to those by which it has been brought to its actual state. The 
obscure pciiod during which astronomy was in its infancy, and 
in which the hist notions must have been obtained from a mere 
view of the heavens, has been dwelt on at some length, and the 
probable nature of the earliest observations has been desciibed. 
Some mention has, next, been made of the distribution of the 
fixed stars into clusters , of the dispositions of the principal cir- 
cles imagined to be described on the surface of the celestial 
sphere for the purpose of marking with some precision the 
places of the sun, the moon and the erratic stars ; and of the 
nature of the observations by which the periodical revolutions 
and, consequently, the mean motions of these may have been 
discovered before their places in the heavens could have been 
direcdy determined by instruments. An endeavour has, subse- 
quently, been made to shew the natuie of those assemblages of 
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spheres which were invented to exhibit some of the principal 
movements of the heavenly bodies, and to enable the astronomer 
to anticipate the more remarkable phenomena with tolerable ac- 
curacy. Then, after explaining from what causes the first sys- 
tems ceased to answ^er the purposes for which they were ima- 
gined, some account has been rendered of the struggles between 
ancient prejudices and the evidence of newly discovered fads, 
the efforts made to accommodate the original hypotheses to the 
complex variations of the planetary motions have been noticed, 
and the historical sketch has, finally, been extended to the epoch 
at which the perseveimg spirit of man succeeded in detecting 
the laws which govern the movements of the great bodies m the 
universe Occasionally, the sentiments of the ancients on the 
piincipal points in the philosophy of the heavens have been in- 
troduced , and it will, no doubt, be agreeable to the reader to 
see those opinions collected which aic thinly scattcTcd in woiks 
not readily accessible to his enquiries. The contemplation of 
these subjects afioids the satisfaction of observing how”, from 
the first rude notions of unenlightened men, and through many 
slowly advancing improvements, the modem science has gradu- 
ally attained its present eminence , and even a review ol the 
false steps which have been taken, and by which its progress 
has been retaidcd, cannot bo iinintcrestmg to those who woukr 
minutely trace the opciations of the human mind m the career 
of discovery. 

That astronomy had been cultivated in the blast to such an 
extent and in such ancient times as to permit, at an c])och more 
remote than that of the Noachian Deluge, the attainment of a 
very correct knowledge of the mean movements and places of 
the sun, moon, and planets, is an opinion which, during the last 
century, had several distinguished partisans, hut which is, now, 
perhaps, nearly abandoned. Yet, as the idea is too remarkable 
and interesting to deserve entire neglect, it has been thought 
proper to notice it, in the following history, so fair as to point 
out the circumstances on which it has been sup])ortecl and the 
arguments by which it has heeu dispiovetl yomo attempt has, 
also, been made to shew that, within the interval of two thousand 
years which elapsed between the establishment of the Chaldean 
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marchy and the age of Aristotle, it was possible, fiom obser- 
tion, to discover all those elements of the celestial movements 
lich aie contained in the Hindu Tables , and to foim those 
lar periods which, soon after the time of the above plnloso- 
cr, were tnown to the Gieeks and which were, perhaps then, 

5t determined from the registeis of observed phenomena, kept 
Babylon or in Egypt during the said interval. 

All the evidence which we now possess favoiiis the belief that 
e country between the Nile and the Euphrates is the birth- 
ace of astionomy, the cradle in which it was nursed, and the 
urce from whence it extended to other regions , and, though 
» written monument remains of the state of the science among ^ 
e fiist inhabitants of that part of the world, the reputation 
Giich they had acquired, and which, long after then nation 
Ld ceased to exist, procuied for those who piofessod to follow 
eir doctrines the esteem and confidence of mankind is, in the 
>sence of such monuments, the best pioof that can be oJfFcied of 
en early devotion to the study of the heavens. 

One of the objects proposed in this Woik is to give a distinct 
xount of the methods devised by the ancients foi' explaining 
e observed inequalities m the celestial movements ; and, as the 
3velopmcnt of the planetary systems is ceitainly due to the 
■iceks, who first adjusted the positions of the spheres, their 
lagnitudes and times of revolution, to the visible phenomena of 
le heavens, the description of those systems is introduced in 
le account of the Greek astronomy : no doubt, however, can 
sjList that, at least, the hypothesis of concentric spheres, which 
ears the marks of being almost the earliest conception foimcd 
om the apparent revolutions of the stars about the earth, was 
iventcd by the Chaldeans , and it is even probable that this 
eople did more than merely suggest the idea of such a ma- 
hiiiiery It is natural that some curiosity should be felt to know 
^hy the results and computations founded on the ancient sys- 
3ms, now known to be erroneous in every respect, should, ne- 
crtheless, have approached, in many cases, so near the truth , 
nd it has, therefore, been thought convenient to enter so far 
ito the explanation of those systems as to shew, from the ac- 
omit delivered by Ptolemy, how the dimensions of the Dcfci- 


PREI'ACE. 


vii 

ents and Epicycles, and the values of the equations arising from 
them, were determined. But the entire neglect into which the 
systems have fallen seems to render needless any more extensive 
development of the subject, which, however, is treated at length 
m the Almagest^ and with considerable perspicuity in Delambre’s 
History 

The astronomy of the ancients was founded on the practice of 
remaining the periodical returns of like phenomena, which, from 
their general regularity, in some measure supplied the place of 
theory ; and, as the lengths of the intervals compensated the in- 
accuracies of the observations, it is evident that the mean mo- 
tions of the sun, moon, and planets might be, thus, very pre- 
cisely determined. Then, since the dimensions and motions of 
the spheres were so determined, by computation, as to represent 
the discoveied inequalities when these weie in a maximum or 
minimum state, it may be easily imagined that the differences 
between the observed and calculated places of the erratic bodies 
w^ould never be gieat, and would often be incapable of detection 
by the instruments in use The correct values of those inequal- 
ities, in the intermediate states, and several others now known 
to exist, by all of which the fallacy of the ancient hypotheses 
would have been demonstrated, were not till later ages discovered. 

The Writer has attempted to trace with care the pro gi ess of 
astronomy among the Greeks. This people began the cultiva- 
tion of the science with a knowledge of the elements obtained 
from the ancient observations made by the Chaldeans or Egyp- 
tians ; and to them must be attiibutcd the honour of having, first, 
applied the theoiems of puie mathematics in the investigation 
of astionomical propositions. In fact, wo perceive, in their 
writings, precisely that advance towards the discovery of the true 
laws of Natme which might bo expected fiom men of lofty intel- 
lect, who seem to have been ictaidcd in their cai’cer only by ad- 
hering with too much tenacity to a metaphysical notion concern- 
ing the perfection of the universe. The planetary systems of the 
Greek philosophers piesent an admirable display of ingenuity and 
address m their adaptation to the diffcicnt movements which, 
down to the time of Ilippaichus, had been ascertained , but the 
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attempt to represent the inequalities which more perfect observa- 
tions afterward brought to light, necessarily gave use to such 
modifications that the complexity of the machineiy, at length, 
destroyed its utility. Some enhghtened minds certainly enter- 
tained the idea that the revolutions of the celestial bodies ucic, 
in reality, very different from those which appeared , and even 
suggested, concerning those revolutions, an hypothesis compre- 
hending the movement of the earth. But it required many cen- 
turies to vanquish the strong prejudices in favour of its quies- 
cence, as well as to disabuse mankind concerning the fancied 
influence exercised by the stars on terrestrial substances ; if, in- ^ 
deed, even now, it may be said that this last superstition has 
ceased to exist. 

An account of all the processes employed in the modem 
astronomy, with the details of their discovery, could not bo in- 
troduced in a work like the present without greatly incrca.sing 
its bulk, and without entering into investigations which properly 
belong to a treatise on the science itself. But the ancient mechan- 
ism of the heavens, and the invention of the fiist rules for deter- 
mining, by computation, the places of the sun, moon, and stars, 
form subjects differing, in every respect, from those which cor- 
respond to them 111 the actual theory of the universe. The 
Writer trusts, therefore, to have done that which will be consi- 
dered neither uninteresting noi umnstractive, iii shewing how the 
revolutions of a planet in a simple eccentric orbit about the 
earth were made to exhibit the alternately direct and letrogiade 
movements observed in the former , and how its supposed revo- 
lution in an epicycle, about its mean place, produced the appa- 
rent changes of direction, and the principal vanations of its 
velocity 

Between the time of Ptolemy and the establishment of the 
Mohammedan power in Asia, astronomy appears to have been 
but little cultivated ; a few commentators on the works of the 
Greek mathematicians and philosophers alone kept alive the 
science, which, moreover, was, during several ages, affected with 
eiTOis perhaps before unknown, and arising cither from great 
inaccuracies in the then observed longitudes of the fixed stars, 
or, which is moic probable, from mistakes lesjiecting the longi- 
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tucles assigned to them by the astronomers of some earlier 
ago. 

The Arabs, in their deserts, had always preserved a rude as- 
tionomy in connection with their worship of the “ heavenly 
host,” and it is probable that, when they attained political im- 
poitance, they only prosecuted with moie vigour, and moie ex- 
tensive means, a study, in which they had ever been interested. 
The duration of their science was limited by that of their em- 
pire ; we aie, however, indebted to them for pieseiving the 
hnowledge acquired by the Greeks , foi increasing it by a num- 
ber of observations made with superior instruments, and for 
communicating it to the inhabitants of Western Euiope. 

The ancient Hindus, apparently, had claims to the character 
of a scientific people , part of their astronomy bears the maiks of 
originality, and its foundations were, peihaps, laid m or near the 
times at which the Chaldeans and Egyptians aie believed to 
have instituted the first measuies foi the cultivation of the 
science. It was, however, while the Arabian Kliahfs occupied 
the throne of Bagdad that the first communication between the 
learned men of India and Syiia, of which we have any distinct 
infoimation, took place , though there is no reason to doubt that, 
after the conquests of Alexander had made India known to the 
Greeks, and during the reigns of that prince’s successors, a con- 
stant intci course subsisted between the same countries. The 
discoveries of Hipparchus at Ehodes oi Alexandria might have 
been, then, conveyed to the banks of the Ganges, and, by 
the Hindu astronomers, mcorpoiated with the elements of the 
science previously founded on the obseivations of their own 
predecessors • the results of Ptolemy’s icsearchcs, also, if not 
immediately on their publication, were, at a subsequent time, pro- 
bably along with the paiticular deteiminations of the Arabians, 
received and adopted by the same people. 

No proof exists that the ancient Chinese cultivated astronomy 
as a science , the only monuments of the attention paid to the 
subject by the natives of the “ celestial empire” being limited 
to a catalogue of phenomena obseivcd by the eye, and to a few 
simple elements determined by means of the gnomon, the 
whole scaicely serving any other piiipose than to shew that, in 
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the study of the heavens, the couise pursued among this remote 
people was similar to that pursued by the western nations in 
corresponding circumstances. That such should be the fact 
cannot cause any surpnse if we consider that the book of Nature 
is open to all, and that, therefore, all must, to a certain extent, 
read and reason alike. It is, however, woithy of remark that, 
besides an agreement in sentiment, among men in dilFeicnt 
ages and countnes, concerning the visible phenomena of the 
universe, the principle of general attraction so extensively 
developed by Newton, was, two thousand years before his time, 
proposed as an hypothesis by the philosophers of Greece, and 
is found in the allegorical poems of the Hindus. Moreover, 
and the circumstance is equally worthy of observation, the 
metaphysical opinion of Beikcley concerning what is called 
material substance, that its essence consists m being perceived, 
is known to have been a fundamental tenet of the Vedanta 
school-. Wc may, therefoie, allow, though it can by no 
means be positively afRimed, that both the Hindus and Chinese 
ariived at their astronomical elements independently, of any 
other people; but, be this as it may, the want of authentic 
documents relating to their caily histones and the great proba- 
bihty that much of then learning was drawn fiom foreign 
sources will, certamly, justify us in placing their astronomy 
after that of the Greeks 

We are brought, next, to the times in which the writings of 
Ptolemy and his commentators w^cre studied in Europe; and it 
will be seen that although, with general litciaturc, astronomy 
began then to be assiduously cultivated in this part of the 
world, the authority of the Gieek school of philosophy still held 
the minds of men in bondage, and that repeated effoits wore 
made to represent the phenomena of the heavens by modifica- 
tions of the ancient hypothesis even after the fallacy of the latter 
must have been manifest. Copernicus himself, who entirely 
changed tlic face of the science by considenng the sun as the 
fixed centre of the oibits of the earth and planets, was not able 
to vanquish some of the ancient prejudices, and the planctaiy 
system proposed by him differs matciially fiom that which is 
^ Su William Jones’b Discouises, Disc XI. 
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now, usually, called by his name The persevering labours of 
Keplei conspiimg with the foitmiale invention of the telescope, 
at length succeeded, however, in annihilating every impediment, 
and prepared the way for the present thcoiy of the universe. 

It will, also, be seen that the discoveries of the above astro- 
nomcis were, by Newton, proved to be necessary consequences 
of a principle of nature which exists, identically, in the fall of a 
stone to the ground, in the tendency of the moon to the eaith, 
and in those of the planets to the sun , and it is to be observed 
that from researches, founded on this principle alone, which 
were begun by our gieat philosopher, and extended after his 
death by the mathematicians of the continent, result the modem 
tables of the celestial movements. These exhibit, chiefly, the 
mean or uniform velocity which each planet would have if it 
moved in an undisturbed circular oibit, the first inequality of 
velocity, commonly called the equation of the centre, which 
expresses the variation arising from the movement in a supposed 
elliptical oibit; and the effects of the several perturbations 
produced by the attractions of other planets, by which the 
motion of each, both in longitude and latitude, is rendered still 
further vaiiable, besides these, the tables contain the variable 
distances of the earth and planets from the sun, the movements 
of the apsides and nodes of their orbits, and all the correspond- 
ing elements of the satellites 

Hitherto the improvements in analysis, by which the foimula3 
relating to the lunar and planetary motions w^ere investigated, 
have been accompanied by corresponding amelioiations in the 
instruments of observation , and thus, the constant coefficients of 
the variable terms which enter into the foimula3 have been 
obtained with considerable accuracy. But, that instruments 
more capable than those already in use, of determining accu- 
rately the places of celestial bodies by observation, should 
hereafter be constructed, seems very uncertain Instruments of 
great magnitude, though they afford superior optical powers, 
and are susceptible of more minute graduations than those of 
smallci size, are more than the latter subject to partial expan- 
sions or contractions, from inequalities in the material, and to 
derangements, from the strains produced by changing their 
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directions dining the observation, and these evils, necessarily, 
place a limit to their useful dimensions. But we may add that 
the enors in the obseived places of stars, arising from imperfec- 
tion of vision and from mapprcciable variations in the state of 
the atmosphere, too often render useless the skill displayed m 
the design, and the accuracy attained in the execution of the 
magnificent instruments produced by modem ait 

A history of the progress of asfronomy would, probably, be 
thought incomplete if the actual state of the science were not 
desciibod. Therefore, after exhibiting an outline of the le- 
searches of Kepler and of the planetaiy theory of Newton, the 
last, m all probability, to be recoidod, some account has been 
given of the recent discovcnes made in the heavens, of the 
operations undeitaken to asceitam the figure of the earth, and 
of the nature of the instruments employed in observation and 
a chapter has been added, containing a statement of the subjects 
to which the modern analysis has been applied in investigating, 
by the theory of gravitation, tire foimulae for representing tlio 
celestial movements 

The Writer has not attempted, in the Work, to trespass on the 
domain of natural theology; and he only solicits the readci’s 
indulgence while he remarks that astionomy affoids tlic most 
sfriking evidences of the infinite power and intelhgcnce of the 
Deity. The former is manifested in the incalculable number and 
vast magnitudes of the bodies in the universe, and the distances 
to which their attractive influences extend; the latter, m the 
proportion established between the intensities of the moving 
forces acting on each, by which, v’hile in constant oscillation 
between opposing attractions, the planets constitute systems 
capable of an endless duiation. That inconceivable tendency of 
all the particles of matter to approach each other, can only be 
considered as the result ol a principle originally communicated 
to them purposely to be the bond by which the different parts of 
the universe might be hold together. But, because this ten- 
dency, if It acted alone, would have caused all the paiticlcs to 
unite m one mass , the Divine Power, which gave existence and 
a law of attracUon to matter, must, also, have been exerted in 
causmg t'he unions of porUons of that matter in many distinct 
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masses constituting suns and iilanets, in establishing tlie former 
as centres of particular systems, and in applying to each of the 
latter an impulsive force by which it is enabled to revolve about 
the common centre of the system to which it was made to 
belong. Here, then, are several independent actions which, 
since they are combined together to work out certaui useful 
ends, necessaiily exclude the possibility of a fortuitous occur- 
rence. And though the profound geometer may determine the 
direction of the impelling force and the position of the point of 
application by which, for any planet, the particular motion in 
the orbit and the obscived obliquity in the axis of rotation 
might be obtained, he is as incapable as the rudest peasant of 
shewing, horn natural causes, what communicated the force, oi 
why, among the infinite number of possible directions and 
intensities, those should have been given wliich, alone, are 
capable of producing the phenomena of siimmei and winter, of 
day and night, in unceasing alternation 

It IS evident that the science of astronomy may be treated in 
two very different ways. The observed circumstances, in re- 
spect of time and flace, which attend the recurrence of celestial 
phenomena, by affording data for anticipating the repetition of 
the like phenomena in times to come, permit the laws which re- 
gulate the movements of the sun, moon and planets to be de- 
termined : or the existence of a law of nature, according to 
which material bodies may act on each other, being assumed ; 
from this may be deduced formulse expressmg both the mean and 
vanablc movements, and agreeing with those obtained irom a 
comparison of observations An astronomy formed from obser- 
vation of the heavens is the subject of many excellent and wcU 
known English woiks , but the other, or that which is properly 
denominated Physical Astronomy, though now, perhaps, gain- 
ing ground, has, hitherto been but little studied in this country. 
If the first work of the kind, the “ Pnncipia” of the iUustrious 
Newton, and the essays of Simpson and Pobison, be excepted, 
leference can only be made to the treatises of the late Mr. 
Woodhouse, the learned researches of Ivory, HerscheU, Airy, 
and Lubbock ; and the valuable but, as yet, unfinished transla- 
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tioRS of 'the M^cmiupw Cele^le^ by Bowclilcli and Mis. Somei- 
ville 

To a treatise on astronomy founded on either of the two prin- 
ciples above mentioned the following Wpik will, it is hoped, 
seive as a convenient mtioduction , it may be considered as 
holding an intermediate place with respect to the voluminous 
histones of M.M Bailly and Delambre and, be it said, while 
acknowledging the merits of such as the elegant essay of Dr. 
Adam Smith, or that recently published in the Libraiy of Use- 
ful Knowledge, the very general outlines which have, occasion- 
ally, been given of the origin and progress of the science, 

Royal Military College, Saiidbuist, 

May 20, 1833. 
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CHAPTER L 

CAUSES WHICH LED TO THE CONTEMPLATION 
OF THE HEAVENS. 

Sentiments excited by a view of the Piimament —The worship of the 
celestial bodies was general, in the first ages of the World. — The positions 
of the celestial bodies were supposed to be indicative of physical and moral 
ofiFects on the Earth. — Ciicumstances leading to the study of the heavens. 

— ^The probable origin of Astrology. — Agiicultuie and Navigation anciently 
regulated by obseivations on the phenomena of the heavens —The necessity 
of anticipating the returns of the seasons. — Opinion concerning the ex- 
istence of a very ancient Astronomy. — Alleged antiquity of Astronomy in 
the East. - Prejudice in favour of the antiquity of Eastern science. 

The brilliant sp©cta?cle which the celestial hemisphere exhibits 
wheir the Sun is pursuing his daily course within it, and when, 
fiom the same canopy, adorned with innumprable glittenng 
points, the Moon displays her milder radiance, has always ex- 
cited mingled emotions of pleasm'e and surprise in the mmd of 
man. Nor do these afiections alone appear to have attended 
the contemplation of the heavens. It is probable that man had 
troin the first been instructed by express revelation, that the 
Universe is the wort, and is subject to the government of a 
Being possessing infinite power and intelligence, but wanting a 
just conception of the true nature and attnbutes of the Creator, 
and being seduced by the splendour of the celestial host, he 
was soon led to regard, with reverential feelings, the Sun, 
Moon, and Stars, as appropnate symbols of that First Cause 
vi^hich he could ouly imagine to be supremely great and 
glorious. 

B 



2 CAUSES WHICH LED TO [CHAP. 

In process of time these symbols, by withdrawing the 
attention from, and mducmg an obhvion of the original object, 
usurped the place of that which they were, at first, intended 
only to represent Thus the Sun, Moon, and Planets began, 
themselves, to be considered as the real intelligences which 
govern the world ; consequently, as havmg claims to the nght 
of receiving divme honours : and they, then, were represented 
by terrestnal objects denoting their supposed qualities or 
attributes. Diogenes Laertius “, asserts that tlie ancient Egyptians 
worshipped the Sun and Moon , designating them Osins and 
Isis, and representing them by a Scarabeus, a Dragon, a Hawk 
or some other animal , and Diodonis Siculus says that they 
considered those luminaiies as the eternal and first gods : he 
adds that Osins signifies many-eyed, and that the name was 
given m allusion to the lays which proceed firom the sun in 
every direction and enlighten the earth. 

The identity of Isis and the Moon is, however, doubtful, since, 
as Dr. Young observes, Uie name given by the Egyptians to the 
latter is masculine, which renders it unlikely that the luminary 
should have been worshipped as a goddess ; but that a relation 
was supposed to subsist between Isis and the lunar influence is 
evident. Diodorus states that the Egyptians gave horns to the 
goddess, in order to express the cuspid appearance of tlie moon 
when she is in the increase and wane , and also, because an ox 
was consecrated to hci. In Chaldea and the western parts of 
Asia, accoiding to Herodotus <=, and Eusebius'', the sun was 
worshipped as king of Heaven, under tlie name of Bolus. In 
Persia ' he was adored undei the denomination of Mithras, and 
considered either as the image, or as the abode of Deity : and 
Lucian states that there was in Phoenicia, a great temple 
dedicated to Astarte, who, as he was informed by one of the pnests, 
was beheved to be the same as the moon. In his second book, 
Diodorus Siculus also informs us that the Chaldeans assigned a 
Divimty to each of the portions into which they divided the 
zodiac, or path in the heavens apparently described by the Sun 

• In Procemw) i> Bibhotliecse HibtoiiciE Lib I. sect. 11. 

CSio sect 181. • ** Praep Evang Lib. I. 

' Strab. Lib. XI. Plutarch. De Iside ct Osiride ' De Syiia Dea sect. i. 
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in his annual course , and Plutarch, in the tieatise above quoted, 
says they considered the seven planets as Gods, of which two 
weie evil, two weie good, and the remaining thiee were in* 
diHerent. The celestial bodies have, in all succeeding ages, 
been objects of adoration , and they probably will, in times to 
come, continue to find votaries, till the knowledge of the tiue 
religion has enlightened every nation of the caith The un- 
tutored savage still prostrates himself before the rising sun, or, 
with the observance of some leligious rite, celcbiates the prin- 
cipal phases of the changing moon. 

Almost the first view of the face of nature must have shewn 
that the sun exerts a most powerful and beneficial effect upon 
the earth, by producing changes in the tempeiature of the air, 
in the processes of vegetation, and in the habits of animals . it 
must also have shewn that these effects depend upon the posi- 
tion of the sun in the heavens By analogy, thcrefoie, it was 
not unreasonable to suppose that the moon and stars weie 
productive of effects similar in kind, though perhaps infeiior in 
degree, which might, like those pioduccd by the sun, be 
ascribed to their situations in the heavens, and might, with re- 
si)ect to the moon, be conceived to vary with her change of 
figure These opinions being once entertained, it is probable 
that It would not be long before a piopensity to tiace effects to 
then causes would lead to an opinion that the celestial bodies 
weie the powers by whose influence the bodies on the earth 
were endowed with the piopcitics they are observed to possess, 
and which could not be accounted for by any discoverable 
agency. Prom hence the tiansition was easy to the belief that 
the sun, moon, and stais wcie the causes of, or were influ- 
ential in developing the physical and moral qualities of man 
himself. Proofs of the existence of such opinions at an early 
time, are found in the woiks of several ancient authors • accord- 
ing to Diogenes Laertius*", Uccatcus of Miletus, who is supposed 
to have lived in the sixth centmy before Christ, m his treatise 
on the Philosophy of the Egyptians, ascribes to that people the 
opinion that the stars are of fire, and that by their influence all 
things in the earth are produced Sextus Empiiicus asserts 
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also ^5 that the Chaldeans conceived the seven planets to he the 
causes of whatever happens to men, and whatevei is admnahle 
on the earth. And Manilms, at the beginning of his poem, has 
the following line expressing the ancient and almost universal 
notion of the power of the celestial bodies on the lives of men : 

— “ et conbcia fati 

Sidera, di versos Lommum vanantia casus ” ^ 

Since the perceptible influences of the two great luminaries 
in the heavens seemed to depend, in a great measure, upon their 
situations, which weie distinguished by the neighbomhood of 
particular clusters of stars, it was also a natural supposition that 
these influences, as weir as those of the planets, should be pro- 
duced by the action of the heavens themselves , that is, piobably, 
by the energies of the deities imagined to he there residing. In 
fact, we find that certain divisions of the heavens lying near the 
apparent paths of the sun, moon, and planets, were supposed 
to be the causes of heat or cold, diyness or moisture on the 
earth; and that the conjunctions of planets in those divisions 
were conceived to he indications of the physical effects to be 
pioduced by such powers m the heavens Diodoius Siculus, 
in the second book of his history, asseits that the Chaldeans, 
from long continued obseivations of the stars, and from an 
exact knowledge of their motions, were enabled to predict future 
events , that they asciibed the greatest efficacy to the five 
planets, or, as they called them, interpieters, which, by their 
risings, settings, and conjunctions, announce to men the will of 
the gods , so that by an attentive consideration of the planets, 
this people, he observes, could foretell the occurrence of earth- 
quakes, tempests of wind and ram, and all the various phe- 
nomena of the atmosphere, as well good as evil , to which he 
adds, the eclipses of the sun and moon, and the appearances of 
comets. 

But the changes affecting the constitution of the earth itself 
were supposed to depend, in like manner, upon the aspects of 
the heavenly bodies , for we are told by Seneca, that a certain 
Berosus (a Chaldean philosopher, whom he supposes to have 
been contempoiary with Belus) had picdicted a conflagration 
" Ad versus Math cap 21. ^ Astionomicon, I.<ib. I. vei. 1 
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and deluge, both of which were to be universal ; the^ former, to 
tahe place, when all the planets weie in conjunction in Cancer, 
and the latter, when in Capricorn , and in later times, a disciple 
of Albertus Magnus pretended to find by computation that, 
before the Noachian deluge, there was a conjunction of Saturn 
and Jupiter in one of the supposed wateiy signs, by which, he 
said, that catastrophe might have been foretold. 

The opinion that the earth, or rather the physical condition 
of its surface, has been many times successively destioyed and 
renewed, originated, probably, in the observation that the 
revolutions of the sun regulaily brought with them a return of 
the seasons in the same order , whence it might be inferred, as 
soon as it was known that the stars assumed nearly the same 
anangements at the end of certain intervals of time, that the 
arrangement which existed at the commencement of the present 
state of the earth would again exist at its termination , that a 
new state would aftcrwaids aiise which, in like manner, would, 
after some certain interval, also come to an end, and so on for 
ever The conjunctions of planets were, naturally, at fiist, con- 
sidered as causes or signs of these changes ; and when the pie- 
cession of the fixed stars became known, the time of their 
revolution was, as firmly, believed to coincide with the duration 
of each terrestiial period 

The conjunctions and oppositions of planets and the ap- 
pearances of remarkable stars were also, till the birth or revival 
of sound philosophy, considered as causes or tokens of changes 
about to take place in ])olitical societies. The comet, for 
example, which, to the eye of superstition, appeared suspended 
like a sword over Jeriisidem befoic its destiuction by Titus and 
the ruin of the Jewish nation, has been often quoted as a presage 
of the honors that were soon to overwhelm that devoted city 
and people. 

From the poem of Manilius which abounds in doctrines 
relating to the celestial influences, drawn from notions very 
anciently prevalent, we loam that the parts of the heavens, lying 
in and near the Zodiac, which happened to appeal above the 
horizon at the birth of a child, w'ere supposed to determine his 
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character and fortune during life^. But the interest of the 
human lace in the regions beyond the earth was not solely 
derived from the opinion that man is the subject of a temporary 
influence from thence. Those regions were in early times con- 
sideied as his proper abode: ignorant of his origin, Vanity 
suggested the fancy that his ancestois descended from the 
heavens or from the celestial bodies they contain; and Plope 
inspired the idea that, after death, he should there rejoin the 
spirits of those to whom, on earth, he had been attached by 
sentiments of esteem and affection. 

Independently of the interest excited by the phenomena of 
the heavens from the causes just mentioned, we can conceive 
that the important advantages derived from the sun as a regulator 
of the operations of husbandly and the affairs of the pastoial 
life, from the moon which supplies the place of the sun by 
night, and from the stars which enable the traveller to direct his 
course across the pathless desert or ocean, must have led, early, 
to the study of the appeaiances and movements of the celestial 
bodies. Thus originated the science of astronomy, which the 
ancients seem to have connected with almost every thing useful 
in society. It teaches, obseives Clemens Alcxandiinus^, the 
figure of the universe, the revolutions of the heavens, and the 
risings and settings of stars ; by it aic discovcied the returns of 
the seasons and the changes of the an, and on it depend the 
arts of navigation and architecture , and before his time it had 
been remarked that astronomy was not less necessaiy to the 
military ait than to agriculture and navigation^. It may be 
added, that astronomy was soon incorpoiated with the religions 
of the heathen world by the priests, who were some of the first 
observers , and it is probable that much of the fabulous history 
of the gods and heroes consists of allegorical descriptions of the 
phenomena of the heavens, and of the operations of nature on 
the face of the earth. 

Man being stimulated by a perpetual desire to improve his 
physical and intellectual condition , being gifted by his Maker 

^ Astronomicon, Lib. IV. V. ^ Stromatum, Lib. VI. 

® Plato, Be Republica, Lib. VII. Polyb Lib. IX. 
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with the faculty of recalling, in imagination, events passed away, 
and of anticipating those which are to come ; heing also acutely 
sensible to the_^ fear of misfortune and the hope of happiness, 
the removal of the veil which has been drawn by Providence 
between the present and the future is, naturally, an object of his 
earnest solicitude. . And, it being supposed that the accomplish- 
ment of this end was capable of attainment by a light inter- 
pretation of the book of nature, exhibited in the skies, the 
phenomena of the heavens were attentively studied for that 
purpose; this gave biith to the vain piofession of astrology 
which, holding out the prospect of gratifying one of the strongest 
propensities of human nature, was from the eailiest time, 
cultivated with ardent zeal. The practice of foretelling future 
events by the stars, which is founded on the opinion that man 
is a passive being and that his moial as well as physical 
condition is subject to the influence of the material heavens, 
consequently the result of necessity, continued to prevail 
throughout the civilized woild till the last century when, by a 
general diffusion of the knowledge of the tiue system of the 
umveise, its absurdity became manifest; and the art being 
overthrown by the united arms of reason and ridicule, its 
adherents have, since, ceased to be consideied otherwise than 
as dupes or impostors. 

The various offices to which the visible plicnoinena of the 
heavens were made subscivient, caily gave lise to the institution 
of a class of men for the purpose of watching the risings and 
settings of stais. The vigils of these persons happily procured 
an accumulation of facts which, while they at first only con- 
tributed to the advancement of some of the useful arts, were 
destined to be the materials by which astronomy was, in after 
ages, to be raised to its present lofty station and rendered the 
most stupendous monument of human intellect. 

Indications have been drawn from the Book of Job, and 
particularly from that passage in which the Deity, when 
vindicating his power, calls on the Patriarch to say if he can 
bind the delights of Chtmah and loosen the bands of Chesil % 
to shew that the people of the East very anciently paid some 
• Ch. XXXVIII. 
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attention to the phenomena of the heavens on account of their 
connexion with the vicissitudes of the seasons. Now those 
terms are, by the Scptuagint, taken for the names of stars or 
constellations, for they have lendered the foimer by the Pleiades 
and the latter by Orion , and though it is true that the particular 
stais or assemblages of stais which the terms indicate, are 
unceitain, yet the sense of the passage seems* to requiie that 
they should be such as have some relation to the effects of the 
sun on the earth in opposite seasons of the year. Parkhurst, 
however, conceives that Chimali may be intended to signify 
the heat of summer, by which all the delicacies of nature are 
produced, and the bands of Chesil, the winter’s cold, which 
restrains their development ; but this ingenious explanation can 
scaicely be received without hesitation on account of the 
improbability that, in the age of the LXX, the knowledge of 
the precise meanings of the Hebrew words, should have been 
so far lost that men, learned in the language, could mistake 
those used to expicss heat and cold for the names of celestial 
bodies 01 figures. If we consider Chvmah to signify the 
Pleiades, and if, with M. Bailly^’-, we infer, fiom thence, that the 
effect produced by their sweet influences ” means the genial 
spring, whose return might, in those days, he supposes, be 
accompanied by the heliacal rising of that cluster, or its first 
appeaiance in the east a short time before sun-iisc; it would 
seem to follow that Chesil signifies some constellation, as 
Scorpio, which, by the piesence of the sun in it, was sujiposcd 
to produce an effect on the seasons contraiy to that which takes 
place when the luminary is in Tauius. Bailly, pui suing his 
idea, imagines that the using of the Pleiades with the sun 
coincided, in that age, with the airival of the lattei at the vernal 
equinox , that is with the commencement of the spring , and he 
finds by computation that, in the latitude of the place where Job 
IS supposed to have dwelt, the phenomenon occurred about the 
year 3900 Before Chiist ; it would follow, if the interpretation 
and hypothesis were just, that the time at which the Patriarch 
lived, or in winch the Book bearing his name was mitten, was 
anterior to the epoch usually assigned to the Noachian deluge. 

^ Astioiiomie Ancienne Eclaiiciss. Liv. IX. sect, a 
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It must, however, be admitted that determinations founded on 
such unceitain premises are any thing but conclusive. 

Tlie writings of the Gieek and Latin poets afford many evi- 
dent proofs of the importance attached, by the ancients, to the 
study of certain celestial phenomena, on account of their con- 
nexion with husbandly and navigation. Hesiod, the earhest 
author whose precepts concerning rural affairs have readied our 
times, says that corn should be reaped at the [heliacal] rising of 
the Pleiades , and that the ground should be ploughed at their 
[heliacal] setting. 

TlXYiLci^oiV ’ArXctysvecov £7nre\?^o/j.£vdav^ 

N oc/^y]Tou a^oroto S'e, ^uo’o-OfjLBVclcov, 

At ^Yi TOi vvjcrag te hcu rifMara 'TE(TO’a^ci}iovTcx. 

'E^EK^vcparuL 

Now Hesiod is supposed to have lived about the year 900 
B. c , and the situation of tins cluster will be found, by 
astionoinical formulae to have been then such that its hehacal 
rising, in Gicece, must have taken place forty-Uiree days after 
the vernal equinox, a time of the year corresponding to about 
May 7 in the present age but the harvest now commences in 
that country in the beginning of June, we must, therefore, 
supi) 0 se that the season in which the corn ripened m Greece, 
was cailier in the time of Hesiod than it is at present. The 
hehacal setting of the Pleiades, or their disappearance in the 
west soon after sun-set, which served to designate the time for 
ploughing, took place, at the above epoch, four days after the 
vernal equinox: and, consequently, fhe interval between the 
' hehacal setting and the heliacal rising, next following, was about 
foity days, during which time the cluster was invisible from its 
proximity to the sun. 

In the poetical description of the heavens given by Aratus^, 
wlio professes to have paraphrased a work of Eudoxus com- 
posed about the year 370 b. c., the fields are said to be void of 
com, or the harvest was finished, when the sun entered Leo, 
and this, in the age of the last mentioned astionomer, must have 
been about seventeen days after the summer solstice, [J uly 12,] 


® Opel a et Dies, ver 303. 


^ Aiati Phaeiiomena. 
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a circumstance which seems to confirm the opinion drawn from 
the precepts of Hesiod, conckning the time of harvest m 
Greece. The season of the vintage is said, by Hesiod^, to be 
when Orion and Sinus are in the mid-hcaven, and when 
Arcturus rises with the sun , and if the longitude and latitude of 
Arcturus be obtained from astionomical formulae for the year 
900 B. c 5 it wtU be found, by computation, that the heliacal 
rising of this star took place about eighteen days before the 
autumnal equinox, that is, about September 7 according to the 
present reckoning. 

In his precepts conceining navigation, Hesiod states*^ that 
fifty days after the conversion of the sun in summci [summer 
solstice], the weathei is favourable for sea voyages. Aratus 
also observes ^ that when the sun is in Leo, which was, m his 
time, about the same season of the yeai, the Etesian wunds tend 
to the sea and the use of oars on ship-board may be supeiscded 
by that of sails , and, in fact, the peiiodical north -winds prevail 
at present in the Levant, at that season. On the other hand, 
Hesiod observes that, when the Pleiades rise fiom the daik 
seas, sailing is dangerous, and, on account of the violent wdnds 
and ram, it is necessary to sail in large vessels well provided 
with stones, [for ballast,] and to work much at the pumps. The 
rising of the Pleiades here alluded to is, no doubt, that called 
acronical, which takes place at the setting of the sun , and, iii 
the days of Hesiod, it must have happened fouitccn days after 
the autumnal equinox [Oct. 8], when, and during the winter, 
it is known that, at present, the south winds pievail m the 
Grecian seas, accompanied by storms of thunder and lightning. 
Aratus'', designating the unfavourable season for navigation, 
remarks that when the sun is in Sagittarius, and the Scorpion 
rises heliacally, ships must not sail by night Now it must be 
obseived, that, in the age of Aiatus, the sun entered Sagittarius 
about sixty days, and, in that of Hesiod, about fifty days, after 
the autumnal equinox ; it is probable, therefore, that Ilcsiod 
meant to express the commencement of the season, and Aratus, 
the time when the violence of the winds was the greatest 

* Opera et Dies, ver. 609. ^ Ibid. ver. 612. ^ Pbaenomena. 

^ Opera et Dies, ver. 618. • PhBenemena. 
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The first book of the Georgies abounds in precepts relating 
to husbandly At ver. 219 the poet directs that the sod should 
be prepared for corn when the Pleiades set in the morning 
[acronicallyj, and the bright star in the Corona Borealis rises 
[hehacally] , phenomena which, in the time of Virgil and in the 
latitude of Rome, took place, respectively, on the thirty-sixth, 
and about the fifteenth day after the autumnal equinox. Also, at 
verses 215 and 227, he recommends that tares and pulse should 
be sown both when Cams [Major], and when Bootes, probably 
meaning the star Arctuius, set with the sun [hehacally] The 
first of these phenomena must have occurred about thirty-seven 
days after the vernal equinox [Apiil 30], and the latter about 
forty-five days before the winter solstice [Nov 9 ]. Several 
lulcs for anticipating the weather aie given at veise 424, and, 
ill the iEneid, allusions aie made to the indications of approach- 
ing tempests and lains diawn fiom the [heliacal] risings of Orion 
and the Hyades. 

“ Cum subito assuigeiis fluctu nimbosus Onoii”* 

And, 

‘‘ Arctumm, pliiviasque Ilyadas, gemmosque Tnones ” 

Tlic rising of Orion, in the age of Virgil, took place about six- 
teen days alter the summei solstice, and that of Arcturus about 
sixty days after the vernal equinox. Ovid, in the Fasti, draws 
the like indication from the setting of Bootes at sun-rise, which 
IS nearly coincident, in time, with the last mentioned phenomenon. 
Various references to the risings of stais, in connection with 
agriculture, are also to be found in the woik of Columella but 
the phenomena, as well as some of those mentioned by Virgil, 
appear to belong to an earlier age, and, probably, the Roman 
authors, in ignoiance of the changes produced in the times of 
their occurrence by the slow displacement of the equinoctial 
points, have introduced into their works the results of the 
observations of Eudoxus or some more ancient astronomer 
without noticing that they had ceased to correspond with the 
actual state of the heavens. 

Sophocles ascribes to Palamedcs, one of the heroes of the 
Trojan war, a knowledge of the courses of the stars, the [daily] 

* iEneidos Lib. I. vex. 539 Ibid. ver. 748. 


° De Re Rustica, Lib. IX. 
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revolution of the Bear and the setting of the Dog star , and thi 
knowledge he is supposed to have impaited to the Greeks fo 
their use m navigation”. From Ai-atus*> we learn that th. 
Phenicians made use of the stars of Uisa Minor, which, thougl 

less hnlhant than those of Ursa Majoi, afforded a more certaii 

indication of the northein part of the honzon on account of tliei 
greater pioximity to the pole: and this circumstance, which n 
alleged as a proof of the superior science of the Phenicians, is 
confirmed by the following verses of Callimachus <= . 

Kal a/idiits i^sysro a-ra&iiy](7tx(r6ai 
Tol; avTSfiVxouf, y, 7r>.sovcn ^ohixs;. 

Manilius, also, speaking of Ursa Major and Minor, says they 
occupy the extiemity of the earth’s axis [in the heavens], and 
guide the mariners over the vast sea. 

“ Summa tenent ejus miseris notissima nautis 
Signa, per immensum cupidos ducentia pontum ^ 

The above quotations may suffice to prove that, at an caily 
period, motives were not wanting to induce men to study the 
visible phenomena of the heavens with considerable attention 
In the first ages of the world the ciicumstanccs requiring a 
knowledge of celestial phenomena must have been but few, and 
the obseivations which ffien could have been made, must, 
necessanly, have been of the most simple kind. Though we 
have no positive knowledge of their nature, yet, from what we 
can imagine of the wants of men emerging fi-om a state of com- 
plete barbarism, we may safely conclude that they consisted in 
noticmg, at night and morning, such risings and settings of stars 
as those above mentioned But it is easy to conceive that it 
would not be sufficient to know, by the heavens, the arrival of 
the season for the peiformance of any of the labours of 
agriculture, or for undertaking a voyage to some distant country 
^ It would also be necessary to ascertain long before hand when 
such seasons would occur, that time might be afforded to make 
the necessaiy preparations for the work or tlie navigation : and 
we can imagme that it would be mdispensable to know, nearly 
t e times of the retiuns of heat or cold m order to be enabled to 


* n ^ «theU,anoIog.aof Petavius. 
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take the requisite precautions against the inconveniences they 
produce. A few successions of summer and winter would 
suffice to shew that the returns took place at the end of nearly 
equal intervals of time, for which the number of risings and 
settings of the sun would afford a measure , and it would^ hence, 
no doubt, be early attempted to keep a register of such 
phenomena for the pui'pose of acquuing more readily a know- 
ledge of the recurrence of the seasons , the impoitance of which, 
in many respects, would render it desiiable that they should be 
anticipated with some degree of precision. 

The exact peiiod to which the infancy of astionomy should 
be rcfeiTed has been a subject of serious dispute, the progress 
of the science, in Greece, from a state of extreme simplicity, 
can be distinctly traced in the biogiaplncal accounts we possess 
of the first philosophers of that nation, and m the wiitmgs of 
those among them who, subsequently, devoted themselves in a 
particular manner to the study of the movements of the heavenly 
bodies • and, though the earliest notices of these subjects, in the 
Gieek authors, aie accompanied by indications that they were 
diawn from more ancient sources in Chaldea and Egypt, yet 
there is nothing m them to shew that, in the latter countnes and 
m those times, the science had advanced beyond its first ele- 
ments : hence it has been almost universally concluded that the 
origin of astronomy, like that of all the arts essential to the con- 
venience of man, may be referred to a pciiod subsequent to that 
which, from the evidence of authentic history, is usually con- 
sidered as the epoch of his first abode on the earth. But cir- 
cumstances, related in the works of some of the Greek historians, 
and certain documents brought within the last century from the 
East, have given rise to an opinion that, in an age far more 
1 emote, astronomy, in all tliat concerns the observed motions of 
the sun, moon, and planets, was in a state of perfection, capable 
of bearing comparison with that of the present day. This hy- 
pothesis has been maintained both in France and Britain with 
great plausibility of argument ; but, not only have recent in- 
vestigations made it evident that the leasonmgs by which it was 
supposed to bo established aie cntiiely inconclusive, m order to 
reconcile the hypothesis with the present low condition of the 
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science in those parts of the world where, in times antecedent 
to any of those referred to in history, it is supposed to have been 
so highly cultivated, it has been assumed that some great re- 
volution has destroyed the once eiasting monuments of that 
ancient learning, and even of the nations themselves, among 
Whom It IS pretended to have flourished; an assumption, for 
which. It IS needless to say, there is not the least foundation. 

The histoncal evidences which have been alleged in favoui of 
this very ancient astronomy, are those furnished by Diodorus 
mulus, who " observes that the Chaldeans pictend to have made 
observations of the stars durmg a period of 473,000 years pre- 
wusly to the expedition of Alexander into Asia, by Diogenes 
aertius, who asserts” that the Egyptians reckoned 48,863 years 
between the reign of Vulcan and that of Alexander, durmg which 
they had observed 373 eclipses of the sun, and 832 eclipses of 
the Moon, and by a passage m Pliny % which, when corrected, 
shews that the Babylonians had made celestial observations 
during a period of 720,000 years, according to Epigencs, and of 
490,000 years, according to Berosus and Cntodemus. The an- 
tiquity which these penods, if considered as real, would oblige 
us to assign to the origin of astronomy, and consequently of the 
human race, though enormously great, is not more extravagant 
thm that which IS implied in the fictitious chronologies of the 
Eastern nations. If we turn to Eusebius, we find^ that, ac- 
cordmg to the relation of a real or pretended Berosus, between 
Alorus the first king of Chaldea, and Xisuthrus, under whom 
occuixed a great deluge, which, as Eusebius supposes, was that 
mentioned by Moses, there had elapsed 120 saxi, each of which 
IS said to have been equal to 3,600 years, and the whole in- 
terval to 43 myriads of years [432,000]. It is also related in the 
sa,me work, on the authority of Manetho, an Egyptian piiest 
who lived in the reign of Ptolemy Philadelphus, that the first 
sovereign in Egypt was the Sun, after whom followed in suc- 
cession, Satmn, Osnis, Homs, and others, tiU the throne was 
fiUed by Bitis; and that the whole extent of the period during 
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which this race of tings reigned, who are designated principal 
deities, was equal to 13,900 years: to them succeeded the races 
of demi-gods and Manes, who respectively governed the country 
dunng 5,212 and 5,813 years, when .-Egyptus established anew 
dynasty ; so that the whole number of years elapsed between 
the reign of the Sun and that of .Egyptus, who is supposed by 
Eusebius to have been the same as Miziaim the son of Ham, 
was 24,925 The historian SynceUus agrees with Eusebius in 
the duration he assigns to the Chaldean monarchy, but the 
former makes the mterval from the reign of the Sun, in Egypt, 
to that of Nectanebus (about 350 years before Christ), equal to 
86,525 years : all these numbers, however, fall far short of those 
which are presented to us in the writings of the Hindus, where 
the three first ages of the world include, it is pretended, an in- 
ten'al of 3,888,000 years, which is supposed to have terminated 
with the year 3102, b.c ^ The mind iccoils from the contem- 
plation of these immense peiiods, unbroken by a single trace of 
the works of man, which, accoidmg to the hypothesis, must 
have passed away with the accumulated treasures of art and 
science, and must have left the men of succeeding times to begin 
flro caieer of discovery as though tho lace had, at the origin of 
the present state of tlungs, been first called into existence. 

Tho impiobabihty that all tlie discoveries made during such 
long successions of ages could bo completely sunk in oblivion, 
affoiding at once an argument against the reality of those pc- 
nods , It seemed to follow, either that tlic periods were unfounded 
fictions, or that the term year, winch serves as tho unit of their 
measure, represents some certain portions of tune different from 
that to which it is now constantly axiplied. The first of these 
two opinions would, perhaps, bo thought to remove the difficulty 
too easily, the latter is rendered highly xuobable by tho consi- 
deration that a year signifies any revolution 6f time, and that it 
was a very common practice among tlic ancients to assign the 
same denomination to divisions of time, of very diffeiont lengths: 
Eusebius asserts'’ that the years of the ancient Egyptians were 


* Bailly, Astrononiio Indieime, Disc. Pielim.pago Ixxix. 
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16 


CAUSES YtHICII LED TO 


[chat. 


called lunar, and tlia.t each consisted of thirty days ; this value 
he applies to the yeais m which he has expressed the duration 
of the Egyptian monarchy, and multiplying the number of them 
finds them equal to 2,047 solar years, which he 
conceives to agree nearly with the Hebrew chronology. Dio- 
dorus Siculus, spealdng of the duration of the world says, the 
years by which it was expressed consisted of throe months each, 
and his asseition is confirmed by Censoiinus, who states that 
such years were first formed by Horus, and were frequently used 
by the Egyptians , the latter also adds that the Carians and 
Acamanians had years of six months each A passage quoted 
hy Syncellus shews that the Egyptians also gave the name of 
year to the space of one day; and among the ancient Hindus we 
find traces of years consisting, each, of fifteen days of one day, 
and even of a small fi action of a day Now by employing one 
or another of these values of a year according to circumstances, 
M. Bailly, and others, have endeavoured to reduce the lengths 
of those great periods withm the limits of probability, but it 
must be admitted that the adaptations are often arbitrary, and 
the subject wiU certainly be for ever involved in the deepest 
obscurity. 

Bailly divides the period of 36,525 years quoted above, from 
Syncellus, into four parts, of which the first constitutes the du- 
ration of the reign of the Sun in Egypt; the second, that of the 
twelve principal deities, and the third is assigned to the eight 
demi-gods and the sovereigns who pieceded Ncctanebus. He 
considers each of the years m the first division to be equal to 
the time of a sidereal revolution of the moon ; each of those in 
the second division to consist of three mouths, and all the rest 
to be reaUy solar years, the sum of the years, in the thice di- 
visions, when thus reduced, gives 5,782 years from the com- 
mencement of the reign of the Sun, or fiom the origin of the 
Egyptian monarchy, to the time of Nectanobus i In like man- 
ner, the period of 48,863 years, which is stated by Diogenes 
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cultivated the science from a period still more remote. The 
tables profess to shew the places of the sun, moon, and planets 
at a period which ascends to above 3000 years before Chiist; 
and, as it is supposed that these places wcie determined from ob- 
servations which therefore must have been continued duiing many 
previous ages, it would follow that the origin of the science m 
that country must have been long antecedent to the epoch of 
the tables themselves. 

Thus the relations of unauthenticated tiaditions; inferences 
drawn from an -unfounded surmise; and astronomical tables pre- 
tending to have been founded on phenomena actually observed, 
but which may, as piobably, have been formed by computations 
of the periods of phenomena for times past, firom data furnished 
by observations made m a comparatively recent age, aic taken 
for proofs of antiquity sufficiently convincing to outweigh all 
the evidence which written histoiy has conveyed to us : though 
it may with equal probabihty be asserted that the traditions and 
the tables oiiginated only in the vanity of a people who thought 
its national glory was enhanced in proportion as the commence- 
ment of its political existence was refened to a lemoter era. 

The acquiescence of some of the most •‘^nlightencd philoso- 
pheis of Europe in the claims of the eastern people to the re- 
putation of possessing a highly cultivated astionoiny at such 
distant periods was, perhaps, owing to their knowledge of the 
fact, that the East was the seat of learning at times when the 
people of Europe were in a state of barbaiism, and to a preju- 
dice excited on being made acquainted, for the first time, with 
monuments of science obtained from distant regions, and of 
unknown dates, but appearing, evidently, to be the works of a 
more industiious and more polished race of men than those now 
occupying the countries in which 4;hcy were found. And as 
objects which appear remote and ill ‘defined to the eye, are, by 
some enor of judgment, usually supposed of gTeater magnitude 
than when distinctly seen, so, to whatever has its origin con- 
cealed in obscurity, we, by a similar prejudice, always assign an 
antiquity beyond that of the events which have been transmitted 
to us by the stream of authentic history; thus the mystery hang- 
ing over the epochs of the works in question, is, in a great 
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measure, the cause that a superioi antiquity has been ascribed 
to them than they, in reality, deserve. 

Without staying, then, to foim conjectures concerning the 
state of astronomy in times antecedent to the oldest referred to 
in written history ; because, to dwell upon that which, if it ever 
existed, is now certainly lost, can be pioductive of neither plca- 
suie nor profit, we pioceed immediately to trace the rise and 
progress of that astronomy which has been for many ages so 
successfully cultivated in Europe, and, fortunately, foi attaining 
this end, there exist mateiials enabling the cnquiior to ascend 
to its very origin. 
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CHAPTER II. 

THE FIRST NOTICES CONCERNING ASTRONOMY. 

Possibility of an Astronomy before tlie Noachian Deluge —Ancient dis- 
coveries insciibed on columns. — Astronomy supposed to have been cultivated 
in Chaldea and Egypt — Notions entertained of the eaith’s figure by the 
Gieeks, the Persians, and the Hindus — Opinions of the ancients concerning 
the nature of the univeise — The tower of Belus and the Egyptian pyramids 
supposed to haveTieen used as obseivatoiies 

The science whose fiist dawnings it is now proposed to exhibit 
professes to acquaint us with the constitution of the universe 
itself ; by it man may, in idea, leave the comparatively diminu- 
tive spot to which, during his natural life, he is confined , and, 
within the boundless regions of indefinitely extended space, 
may measure the distances and magnitudes and, even, weigh the 
masses of the lemotest planets , and, leaving them, can ascend 
to distances compared with which those of the planets fiom the 
eaith decieasc till they become insensible points, wheie he may 
contemplate the anangement of innumerable orbs which the 
most powerfully assisted vision can, heie, but dimly divScein. 
By this science some of the deepest rooted prejudices of the 
human mind have been eiadicatcd, and man has learned to dis- 
believe the most perfect of his senses ; ho has been forced, by 
indubitable evidence, to admit that the solid and, seemingly, 
quiescent caith, with all the magnificent woiks of art and 
nature on its surface, is incessantly whiiled with vast rapidity 
about the sun, and that the motions he daily observes in the 
heavenly bodies arc, in most cases, directly the opposites of 
those with which they are really endowed, instead, also, of 
regarding the eaith as the chief object in the universe, and the 
sun, moon, and stais as formed only in subservience to it, ho 
IS made to perceive that ho occupies one of the least orbs in the 
system : that, in fact, he is a native of one of the smallest pro- 
vinces belonging to the great empire of heaven 

If the knowledge we, at present, possess, of the system of 
nature, 'be compaied with the ignoiance which for ages pre- 
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vailed respecting it, it will be impossible not to feel proud of 
the success which has attended the lecent exertions of the 
human intellect ; but this feeling will not be unaccompanied by 
a humiliating regret on considering hovr impossible it is for us, 
in this life, to become in the least degree acquainted, except by 
the feeble light of a doubtful analogy, with the natme and pro- 
perties of the infinite vaiictics of objects with which no one can 
hesitate to believe that it has pleased the Deity to furnish the 
celestial orbs, as he has fuimshed the eaith we inhabit , noi 
can this regret leccive any alleviation butfiom the hope that the 
immortal spiiit of man is destined to advance continually 
towards perfection, and to piocced as far as cieatcd beings may 
be peimitted to go in the investigation of the Cieatoi’s works 
when, in new states of existence, it shall be endowed with the 
faculties nccessaiy to enable it to comprehend them 

Independently of the direct testimony of Josephus, which, 
indeed, we ought to be caicfulnot to consider as of any great 
weight, it may be consideicd highly piobablc, froui the pio- 
pensity of man to seek infoimation concerning the objects 
about him, and from the traces still existing of ancient observa- 
tions made in the East, that the inhabitants of the antediluvian 
woild had acquiied some knowledge of astronomy ; and it may, 
oven, be admitted that some written or traditional account of 
then discovciies was tiansmitted to those whp, subsequently, 
founded the liist monai clues in the East, through the suivivors 
of the dicadful catastrophe which put an end to the juevious 
state of things on the caith, it may, therefoie, bo salcly con- 
cluded that, after the deluge, the natives of the Syrian and 
Egyptian plains had not, entirely, to cieate the science anew. 
But, in the absence of any infonnation concerning the learning 
of the men before the Flood, and fiom the lude notions which 
seem to have prevailed dining several ages after the lenovation 
of the human lace, we may, without impropriety, consider 
astronomy as m its infancy wdicn the posterity of Noah left the 
lesidcnce of their fathei and established themselves in the three 
gicat regions which then constituted all that were known of the 
earth 
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The passage in Josephus relating to the existence of astro- 
nomy among the antediluvians is contained in the second 
chapter of the fiist booh of his History, where the writer 
states that the descendants of Seth weie endowed with good 
dispositions and applied themselves to the contemplation of 
celestial subjects : he adds that, since Adam had predicted the 
destruction of all things on the earth, once by the violence of 
waters and, again, by the action of fire, they, lest the know- 
ledge of these subjects should be lost to' those who might survive 
the deluge, constiuctcd two columns, one of brick, and the 
other of stone, and inscribed their discovciics upon them. 
Josephus alleges that one of these columns existed, in his time, 
in the countiy of the Seies, but where that countiy was situated 
is now unknown ; and, as best suited the puipose of modem 
authois, it has been supposed to be some district either in 
Upper Egypt, Syria or m the north-western part of India. 
Before the use of paper or parchment, the practice of engraving, 
on stone or metal, the relations of remaikable events, moral 
precepts and scientific discoveries was, necessarily, general; and 
/ hence we so often find among the ancients mention made of 
inscriptions on columns : besides the instances above-men- 
tioned we may observe that, accoiding to Epigenes, the Baby- 
lonians preserved the accounts of their observations concerning 
the stars on stones or bucks'"; and Diogenes- Laertius relates 
that Democritus had transcribed his moial discourses from the 
sculptures executed on a pillar in Chaldea. Achilles Tatius*^ 
also names the Egyptians as the first people who mcasuied the 
heavens and the earth, and adds that they wrote the result of 
their researches on columns in order that they might be trans- 
mitted to posterity ; and Eusebius‘S quotes a passage fiom the 
woiks of Manetho, in which the wiitcr asserts that he had 
travelled into the Seriadis, or the country of the Seres, in order 
to examine certain inscriptions, in hierogly pineal charactcis, 
tiaced on columns which had been raised in that country, pro- 
bably in some part of Egypt, by Thoth, or Hermes. Nothing 

^ Pliny, Nat. Hist. Lib. VII. Cap 5C. 

^ Tatius, Isagogo, Cap. I. m Petav. Uranolog 
Cliionicon, Lib. I. 
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is known of the natuie of these inscriptions, noi of the Heiines 
, by whom it is said they were executed ; but Syncellus supposes, 
on no ceitain foundation however, that he lived before the 
Deluge. The lesemblance between the woids Seth and Sothis 
has led to an opinion® that Josephus took Ins account of the 
columns erected by the antediluvians fiom the original woik of 
Manetho, and this is not impossible , it may, even, be suspected 
that the prediction which the Jewish histoiian has put in the 
mouth of Adam is the same as that of the destruction of the 
caith by a deluge and conflagiation, winch, by Seneca, is 
ascribed to Bciosus. 

Whatever maybe thought of the tradition related by Josephus 
and the inscriptions of Hermes, it is ceitain, from the testimony 
of ancient authors and from the known taste of men for the 
contemplation of the visible heavens, that some notions concern- 
ing astionomy must hate been acquired immediately after the 
Flood by those who fust, m Chaldea and Egypt, united them- 
selves in societies. Philo relates that Teiah, the father of 
Abiaham, was skilled in Astiology . Josephus^ makes the Chal- 
dean philosopher Berosus assert that Abraham was a man of 
acute mmd, that he instructed the Egyptians in arithmetic and 
in those things which appertain to astiology and astronomy ; 
and he infers that these sciences were, first, transmitted from the 
Chaldeans to the Egyptians, from whom they afterwards passed 
to the Giccks. But no particulars have reached us concerning 
the state of the sciences in the days of those Patriaichs, and we 
shall hai’dly be justified m allowing that more of astronomy was 
then known than a few facts relating to the seasons, or the tinies 
of the rising and setting of some of the stars , as much as this 
may he conceded, foi it might easily bo obtained from observa- 
tions mad(5 by the naked eye. 

The opinion that the first elements of astronomy were ori- 
ginally biought from Chaldea to Egypt seems to bo confirmed 
by a passage in the fifth book of Diodoius Siculus, where it is 
said that the Hcliadai, or descendants of the sun, a people thus 
designated, no doubt, because they came fropi the East, excelled 


^ Wcidlei, Hibt. Abti. 


^ JohepliuSj Antiq lab. 1. cap 0 
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Other men in knowledge, particularly in that which relates to the 
stars , that, by them, the aii: .of navigation was cultivated and 
the hours divided into certain couises , [probably meaning that 
the day was divided into hours,] and that Actis, one of this race, 
ariiving in Egypt, built Heliopolis and gave to it the name of his 
fathci It is added that, according to the geneial belief, the 
Egyptians acquired from him a taste foi astrology, which, by 
ancient authors is geneially confounded with astronomy, and 
that this people afterwards -cultivated the science with so much 
assiduity as to be considered its inventors On the other hand, 
Tatius asserts that the Chaldeans obtained their knowledge of 
astronomy from the Egyptians and asciibed to Bolus the merit 
of intioducing the science into then own country. 

The claims of the Egyptians to the honoiu of the first dis- 
coveries in astronomy are also mentioned by Diodoius, who 
alledges ^ that the people of Thebais pretend to be the most 
ancient of men, and the inventors of letters and astiology, he 
adds that they professed to be acquainted with the situation of the 
earth, and the risings and settings of stais, and to have airangcd 
the Older of days and months lie asserts that they appear to 
have obseived accmatcly the eclipses of the sun and moon ; 
but their meiit, in this respect, is rendered susiiicious by the 
pietensions ho says they made to the art of divination from 
celestial phenomena, and to the power of predicting with cei- 
tainty every future event. 

Again, the same writer states that in the midst of Babylon 
a temple, of great height, was built by Scmnamis and dedicated 
to Belus, or Jupiter ; and that, on its roof or summit, the Chal- 
deans contemplated, and exactly noted, the risings and settings 
of the stars ; and we are told by Proclus that the Pyramids of 
which according to the former historian had existed dur- 
ing 3600 years, terminated at the top m a platform on which the 
priests made their celestial observations. From these relations 
it would appear that the evidences in favour of both Chaldeans 
and Egyptians are so nearly equally balanced that it must be 
impossible to decide between their conflicting claims to the 


“ Isagoge, taj I m Petav. Uianolog. 

' Ibid. Lib II 
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honour of priority, in their application to observative astronomy : 
when, however^ we consider that Asia was the cradle of the 
human race, and that astronomy, m an equally rude state, was 
cultivated at the same time in Persia and India as well as in 
Egypt and Europe, wc cannot avoid concluding that the pro- 
babilities are in favour of the fomier people , and that, from the 
countiy about Babylon as a ccntie, the science radiated in every 
dnection with the people who, fiom thence, colonised the other 
paits of the ancient woild. 

Though it seems difficult to imagine that the first men could 
avoid recognizing the fact that the earth is isolated in space, 
seeing that the celestial bodies must perform part of their revo- 
lutions below the eaith, in order to enable them to reappear in 
the east after having set in the west, yet the accounts collected 
from the most ancient authors concerning the natuie of the 
univeise coincide nearly with each other in leprescnting the 
earth as a plane figuie, bounded on its whole circumference by 
an ocean of vast extent The description which llomor gives 
of the Shield of Achilles, ncai the end of the eighteenth book of 
the Iliad, is universally supposed to be drawn from the opinion 
pic valent in his day concerning the form of the earth. The 
sculp tuie exhibited in the central part of the shield is evidently 
intended to leprcsciit the vaiious circumstances of human life, 
and the maigm which enclosed the tencstrial scenery was 
sculptured in imitation of what is designated the Ocean Ilivcr , 
it IS, therefore, likely enough that the ciicular disc represented 
the figure of the eaith itself. Heiodotus, in his fouith Book, 
desenbes the earth as having a foim similar to that assigned to 
it by the Father of poetry ; and he adds that geographers so 
represented it in his time. These opinions seem conformable to 
what wo learn from Diodorus Siculus and Plutarch j the former 
of whom asserts that the Chaldeans consideied the earth to rest 
on the waters like a boat, und the latter ascribes a like opinion 
to Heraclitus. It may also be observed that the southern con- 
stellations in the great zodiac at Denderah are represented in 
boats, a circumstance which seems to prove that the ancient 
Egyptians thought the parts of the earth beyond the regions 
De Rlacitxs Philosophorum. 
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then known, were bounded by an ocean: and the following 
passage among many similar ones in the Orphic Hymns clearly 
expresses the same opinion , 

re 7rsfi| hi HSixiri yaHav hlcnroiv 

Cleomedes alleges, however, that the notions of the ancients 
concerning the figure of the eaith were vanous ; and that though 
some considered its surface to be a plane, there were others who 
would have the mass to be in the form of a cube, a cyhndei, or 
a pyramid'’. 

It may be inferred Irom the language of Homer in the 
Odyssey that, in his days, the Meditenanean was supposed to 
be situated in the centre ol the earth’s disc, and to communicate 
with the sun-ountling Ocean lliver at one extremity The con- 
tinent which enclosed this ocean was the abode of die Cimmc- 
iians and the Dead, and is described as not enjoying the hght of 
the sun, probably because it was supposed to bo at a vast 
distance fiom the path of that luminary , this patli being 
imagined to terminate but a httle way beyond that region of the 
caith which constituted the hnut of the Phcenician navigation 
on the western side. 

The heavens wore conceived to be bounded by a hemispherical 
and crystalline vault, whose base was on the circumference of 
the continent beyond the Ocean River just mentioned . a notion 
also alluded to in die Orphic Poems : 

ya/nf, •noXov, 

and, within this vault, the sun, moon, and stars were supposed 
to perform their daily movements In the first book of the 
Odyssey, the heavens are described as resting on columns , and 
the mountains at the western extremity of the Mediton-anean 
sea, which were designated the Pillars of Hercules, were, pio- 
bably, so called in allusion to the opinion that the celestial vault 
was supported in that manner. But Homer seems to have 
improved upon the original notion, by supposing a vault to 
exist below the earth, similar to that above it , this is the Tar- 
tarean gulf alluded to in the eighth book of the Iliad, the 
gloomy abode of the Titans firom which the light of the sun was 

* IIjTim xr. (10 ) ver. 15. f Cleomedes De Mundo, Lib. I 

' Odyssey, Lib XL J Hymn LXXXIl. vei. 7 
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supposed to bo for ever excluded. The sununit of the upper 
vault IS thought to have been the heavenly Olympus ; and from 
hence the gods wcie supposed to make their occasional visits to 
the sons of men. According to Diodorus Siculus the upper 
and lower poles of the vault were the seats of the thiity divinities 
who supeimtend the things done above and below the earth. 

Ideas resembling those cxpicsscd by the heathen poets occur 
in the Book of Job : wheie the Deity is described as spreading 
out the heavens^; encompassing the waters with bounds ; 
alluding, pciliaps, to the continent beyond the Ocean River , 
and making the pillars of the earth to tremble This continent, 
however, diffcis fiom that which, in the Homeiic cosmography, 
is described as the seat of the Cimmeiians, and seems to corre- 
spond with the Elysian Fields m heathen fable ; since, according 
to Rabbinical tradition, it was the place of the tciTestrial paradise 
and the blight abode of the spnits of good men after death. 

It was evidently the opinion of the Eastern sages, in very 
ancient times, that the surface of the caiih is nearly a plane , 
and that in its ccntial part, which^was conceived to be situated 
noithward of the regions then occupied by men, (that is beyond 
the fionticrs of India, Persia, and Gicece,) is a very high moun- 
tain inteicepting the view of the sun during part of his daily 
revolution, and thus pioducing the daikness of night : it was 
behoved that the mountain is of a conical foim , that accoiding 
as the sun was more oi less elevated above the earth, for it 
appears that this luminaiy was supposed to describe about tlio 
mountain a spiral curve alternately ascending and descending, 
he remained concealed during a less or greater portion of tune, 
respectively, and that thus the days and nights were lendorcd 
of variable length. The idea bears the marks of an origin which 
may be dated fiom a time preceding that of the formation of the 
opinion that the celestial bodies, in their daily revolutions, pass 
under the visible surface of the earth; and it seems to be a part 
of the ancient hypothesis that the earth constitutes the geiicial 
basis of the universe The cncumslanccs above alluded to arc 
bnoily indicated in the Boundehescliy a supposed translation of 


Hibt Lib. 11. Ch. IX voi 8. ^ CUi. XXVI vci. 10. Ibid. vei. 11. 
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one of tlie works of Zoroaster , where it is said that the inoiin- 
tam Tirch, or Albordi, the Somcirah of D’llcrbelot, rises in the 
midst of the earth, that about it the sun revolves daily, and that 
his movement of ascent is continued dining IBO days ; when, 
having gained the top, he icmams stationary for a tmu', and 
during the following 180 days he descends . the inteival between 
cveiy two arrivals of the sun on the [tiont of the] mountain 
constituting one day^. The same mountain is, also, said^ to 
simound the earth and to reach the heavcnis ; probably signify- 
ing that lofty branches from the central mass extended towards 
the ocean on which the earth seemed to rest, and following its 
shores, encompassed the tciicstiial siufacc. It is added that the 
mountain was 800 years m attaining its grcMtt*st height ; and 
that, in periods of two hunched years, it I’eaclual sueec'ssivcly the 
stars, the moon, the sun, and the region of primitive^ light. Four 
seas, or nvers, are said‘s, by the hcncticcncc of Onnusd, to flow 
from the Albordi, in older to water the earth ; and M Ampudil 
supposes the livers to signify the Indian ()c;ean, the IkTsian 
Gulf, the Caspian and the Mcchterranean Hea-s. 

The same ideas occui in the Jhahmanical Fabl(‘s, where wo 
find it stated that Mount Mem, with its thi(‘(‘ ])eaks <u' summits 
and its seven steps oi terraces euc()m])asst^s the whole eailh ; 
that the gods aic seated on it, and that, n])on om^ sidcj is thci 
residence of Biahma, the holy city Brahmapuvi, fiom tlu^ four 
gates of which issue as many liveis*^ dhci ecmtral mounlain is, 
in the Pamauicas, described as a column HIOOO yogurs high, 
16000 broad at bottom, and 32000 at top ; constHpienily, if 
there IS no mistake cither m the oiigmal or the translation, re- 
sembling an invcited cone, and Captain Wilson ol>Korv(‘s® that 
this may be the figure of the carlli alluded to by Cleanthus, 
Anaximenes, and others, among the western ])hilosophorH. The 
seven steps about Mount Mera resemble the stjven earths sur- 
rounding Mount Moriah, according to the Rabbinical story 
related by Basnago in his History of the Jews; and the four 

^ Bomidehesclx in the Zendavesta, Sect, v Ibid, Sect. xiL 

® Ibid. Sect xiii. 

Asiatic Reseaiches, Vol. X. Essay on the Sacred Isleh (d' the West. 

« Ibid. Voh VIII. 
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rivers mentioned both in the Persian and Hindu Cosmographies 
may be thought to correspond, in a certain degree, with those 
which in the Holy Scriptures arc said to flow from the Garden 
of Eden. 

It might be expected that, among the ancients, the uncivilised 
people and those possessing few ideas, should have formed such 
notions concerning the heavens as correspond rather with the 
sensations excited by the fust view of the most obvious pheno- 
mena than with the real nature of the celestial bodies , accord- 
ingly we find that there were men who, as Plutarch relates 
supposed the stars to be extinguished every evening and re- 
kindled in the moining : the same wild fancy is by Achilles 
Tatius attributed to Xenophanes^, and we learn from an obser- 
vation of Cleomedes ® that the Iberians pretended they could 
hear, when the sun descended into the ocean, a hissing sound, 
like that of heated iron when plunged in watei. 

In modem times we find that, among the natives of the 
Society Isles m the Pacific Ocean; a people in almost the 
lowest degree of civilization and completely destitute of any 
thing that may be called science, notions were entertained which 
strongly resemble, or rather, are nearly identical with those 
above mentioned. Mr. Ellis, speaking of their cosmography, says 
that they imagined the sea which suiTOunds their group of 
islands to be a level plane, and that, at the visible hoiizon, oi at 
some distance beyond it, the sky joined the ocean, enclosing as 
with a vault the islands in the immediate vicinity * every foreign 
land they supposed to have a distinct atmosphere and to bo 
enclosed m a similar manner by its particular vault. Some of 
the natives, Mr Ellis continues, considered the sun as an ani- 
mated being ; and othcis, that it resembled file ; they imagined 
that it sunk every evening in the sea, and passed, during the 
night, by a submarine passage from the West to the East, where 
it again rose from the sea in the morning , an idea which, also, 
occurs in the writings of the Greek poets : being asked if they 
had ever seen the sun descend into the sea, they answered that 

^ Be Placitis, Lib II cap. 13. 

^ Tatms, Isagoge ad Phtenomena, cap. 5^ iix Petav. Uranolog. 

Be Mundo, Lib. II. 
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they had not, but that sdme of the people of the western island 
had heaid the hissing occasioned by its plunging into the wate] 
The Tahitians imagined, adds the same authoi', that, above tli 
earth, there was a senes of celestial strata, ten m number, cac' 
of which was the abode of spiiits or gods whose elevation wa 
regulated by their rank or power: the tenth, or last heaver 
which was enveloped in perfect darkness, being the abode of tlr 
first class only^. No doubt can therefore exist that sncl 
opinions are those which first suggested themselves to the unen 
lightened spectator of the heavens, in the infancy of the huma] 
race The more complex cosmogony of the ancients may hav 
folloVed next; but this cannot be supposed to have been former 
by persons who paid any attention to what they saw of th 
celestial movements: on the contrary it may apparently witl 
reason be suspected that the opinions on which that cosmogony 
is founded, were maintained only by the poets, who may hav' 
invented or adopted them for the sake of the cfiect they produc* 
in compositions intended to afford pleasure and surprise by thi 
exhibition of whatever is sublime and beautiful, but in whicl 
there is not lequired a strict attention to what is probable o 
even natural. Among the ancient Egyptians and Hebrews mor< 
rational ideas seem to have prevailed concerning the mundam 
system; for Diogenes Laertius^ relates that the former pcoph 
considered the earth as spherical ; and m the book of Job ^ it h 
said that the north is stretched over tho emjity space, ajid tha 
the earth is suspended from nothing • from which it may b( 
inferred that the earth was then conceived to bo isolated front 
the rest of the universe. 

Nunc qiiia non imo tellus dejecta profundo, 

Sed medio suspensa manet, sunt pema cuncta, 

Qua cadat, et subeat cojlum, rursusque resuigat.*’ 

Nor can there be any doubt that the arguments of Cleoinedes 
in support of the true figure and situation of the earth were very 
early understood. The heavens, indeed,” he says appeal 
to surround all things about us, and, if wo proceed to any otbei 

* Polynesian Kesearcbes, Vol III. Chap C In Fiooomio 

* Chap XXVI vei. 7- ^ Manilius, Astronomicon, Lib I vei I 70 

® Oe Mundo, Lib. I 
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climate, they are still above our heads, nor do they any where 
rest upon the earth ” And again % “ if the earth were of a 
plane figme all men would have the same honzon; the • 
rising or setting of the stars would take place at the same time 
for all ; and there would be the same beginning of the day or 
night ” 

The globular form of the earth was early known to the Greeks, 
and wo may observe that Herodotus ^ mentions a people who 
sleep during six months of the year , a circumstance which seems 
to shew that m the clays of that ancient wntei men had some 
knowledge of the periods of light and darkness about the pole 
of the earth ; or that, from a well founded hypothesis concern- 
ing its figure, they had arrived at just conclusions respecting the 
phenomena exhibited on its surface by the apparent revolution 
of the heavens 

When the fact that the earth is entirely detached fiom 
all the other parts of the univeise was recognized, man, not sa- 
tisfied with the ample field for research alForded by nature on 
his own domain, took flight, in imagination, beyond the utmost 
bounds of the visible heavens, and hesitated not to build up 
theories regaidmg subjects which will probably be for ever 
beyond his compiehension. 

The accounts handed to us by Diogenes Laertius, and by 
Diodorus Siculus concerning the cosmogony of the Egyptians 
and Chaldeans shew that material substance was considered by 
these people to be the principle of all things, and that fiom it, 
by subdivision, the four element^, fire, air, water, and earth, 
and all animated beings were produced^. This idea is de- 
veloped by Diodorus, who states that the heavens and earth 
oiiginally, by the mixture of all substances, existed in a chaotic 
state, and that after the precipitation of some, the universe as- 
sumed the form we behold: the fiery pait, on account of its 
levity, ascended to the upper regions ; and, from the same cause, 
the sun, moon, and stars, which were supposed to be of the 


^ Be coRtemplatione orbium coelestmm, Lib. I. cap. 8. 
^ Meli>omene. ® In Prooem. 

'' Bib Ilist Inb T. sect. 7* 
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nature of fire, were placed in the firmament ; a notion thus ad- 
mirably expressed by Manilius : 

Ignis in apthereas volucer se sustulit oias, 

Summaque complexus stellantis culmina coeli, 

Flaminarum vallo naturae moenia fecit 

But the vapours and denser matter w'ere imagined to have 
subsided together in one place by their weight : the latter con- 
stituted the solid part of the earth, and the former, by continual 
motion disengaging itself, formed the seas and an It is also 
asserted m the ancient poems entitled the Chaldean Oracles, 
fiom an opinion that they contain a summary of the notions in 
philosophy entertained by the earliest people of Asia, that the 
universe was divided into seven distinct spaces or woilds; 

the Father,” it is said m the poem on the heavens, made 
seven worlds, including them under a globular form : he made 
the gieat host of inerratic stars ; he also placed the earth in the 
centre, the waters within its bosom, and the air above it.”*’ 
The worlds heie alluded to are by Psellus, the commentator, 
considered as concentric spheies, and aie thus enumerated. 
The first, constituting the exterioi of the umvcise, he supposes 
to be empyieal, oi foimed of piun elemental y fiie , within this 
he imagines that tlieic aie three aethereal spheies foimed of ele- 
ments less subtle than the fiist; the three last are supposed to 
be what were commonly designated the mateiial woilds, and 
consisted of the sphere of the fixed stars, the seven planetary 
spheres and the sublunary legion , and Mr. Stanley suiiposcs 
that in the latter arc comprehended the spheies of an, water, 
and earth 

The constitution of the universe was explained in a similar 
way by Ilccatcus of Miletus, in a woik on the Philosophy of 
the Egyptians, among whom also the same doctrines appear to 
have been received , and Achilles Tatius observes that the sec- 
tators of Oipheus, meaning those who, m his day, adhered to 
the Chaldean philosophy, compared the thiee piincipal divisions 


^ Astionomicon, Lib. I. vei. 495. 

^ Stanley, Histoiy of Philosophy. Chaldean Philos 
® Diog Laeit. in Piooem. 
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of the universe to the shell, the white, and the yolk of an egg 
By the elementary fire, supposed to constitute the outer sphere, 
or the shell of the mundane egg, is to be understood matter, if 
the word may be allowed, in the highest degree of attenuation, 
and, as it were, a fixe without heat. On the extenor of the uni- 
verse, says Aristotle no substance can possibly exist. 

"Whatever might have been the ideas of the first people con- 
cerning the nature of the sethereal spheres, we learn that, in later 
times, their place was, by some, supposed to be occupied by a 
crystalline substance which enclosed the three material worlds 
as within a hollow globe. Thus Seneca says if we may be- 
lieve Artemidorus, the vault of the heavens is solid and like a 
roof, and beyond this is the legion of fire in this vault are cer- 
tain apertures like windows by which the external fire enters 
and becomes incorporated with that about the earth.” Seneca 
justly condemns the notion of Artemidorus, and obser^^es that, 
to oppose it, would be as useless as beating the air ; yet so strong 
has been the propensity of man to refer every ai3pearance in the 
heavens to a mechanical cause that, as Macrobius relates a 
certain Theophrastus who is, moreover, said to have written a 
history of Astronomy, not only maintained the same opinion, 
but asserted, besides, that the Via Lactea was the place of jmic^ 
tion of the two hemispheres constituting the shell , this junction 
being supposed to be imperfect, he imagined that ^the light 
beyond the sphere was rendered visible through the intervals. 

Ihe argument by which the spheiical foim of the universe 
was proved by the ancients, is founded on tlie supposed per- 
fection of a circle, and, consequently, of bodies bounded by that 
fi.gure. Aristotle, m his treatise. Ccelo ® states, that no right 
line IS perfect because it has terminations , and the inference is, 
that the perfection of a circle consists in its having none : he 
observes, also that since that which is perfect must have pre- 
ceded that which is imperfect, the circle is the first of plane 
figures and the sphere, the first of solids , therefore, conceiving 

^ Tatius, Isagoge, Cap. 4 in Petav. Uranolog. ^ Be Ccelo, Lib. I. Cap 9. 

® Kat. Quaest. Lib. Vll. Cap. 13. 

Comment Somnium Scipionis, Lib. I. Cap. 13. 

• Lib. L Cap. 2. ^ Ibid. Cap. 4. 
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he universe to have existed from eternity, he concludes that it 
nust be comprehended within a spherical figure. In the an- 
;ient schools this mode of reasoning too commonly supplied 
he place of inductions from facts and obseivations, even when 
he circumstances were such as to render facts and observations 
iccessihle ; and the practice of arguing m.stead of observing is to 
le ascnhed to an indolent neglect of physical researches, or to 
he prejudice arising from a habit of recurring to the imagination 
pvhen physical data were wantmg. In either case, we can only con- 
sider such reasonings as vam attempts to conceal that ignorance 
pvhich it would have been more consistent with the spirit of 
sound philosophy to have achnowlcdged. 

The ancient Giceks seem to have entertained an opmion of 
the arrangement of the elements eonstitutmg the universe, w-hich 
hffers in some respects from that of the Chaldeans or Egyptians. 
A-Ccoiding to the Pythagoreans-, the grosser matenals were 
situated towards the circumference, and the central part was the 
region of fire, which was there disposed because it was con- 
ceived to be the most noble of the elements, and because the 
centre was also considered as the most honourable place , but it 
appears that some parts of the different elements weie imagined 
to be diffused through all space and to enter into the eomposi- 
lion of the earth and planets. About tlie region of fire were 
conceived to be arranged, in succession, those of air, water, and 
terrestrial matter, forming so many concentric shells, and in the 
last the earth was supposed to be placed , beyond the region of 
the earth came the seven planctaiy spheres, and the whole sys- 
tem was enclosed within the sphere of the fixed stars. 

The idea entertained by the ancient Hindus of the antiqmty 
of the earth, and their doubts concerning the cause and manner 
of its existence are finely expressed m the tenth chapter of one_ 
of the Vedas, according to the translation of Mr. Colebrook. 
“ Who knows exactly, and who shall in this woild declare 
whence and why this creation took place ? The gods are sub- 
sequent to the production of this world; then who can know 
from whence it proceeded ? or whence this vaned world arose ? 
or whether it uphold itself or not ? He who in the highest 
* Axistotle De Coelo, Lib* II* 
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heaven is the ruler of the universe does indeed know ; but not 
another can possess that knowledge^. 

The opinions of the Hebrews concerning the constitution of 
the universe, were probably the same as that of the Chaldeans ; 
for, from passages m the sacred Scriptures, it has been inferred 
that the former people considered the heavens to be three-fold * 
the lowest was conceived to be the eaith, and the surrounding 
atmosphere, the region of the clouds, the second was the region 
of the stars ; and the third, the abode of the Deity. This last 
is supposed by the commentators to be that to which St. Paul 
alluded when he said he was caught up to the third heaven. 

It was a general opinion among the ancient philosophers, 
that the Earth was the most important body in the universe 
and was, even, the source of the principle of existence in all the 
others : the air was supposed to be nomished by the humid 
vapours exhaled from its surface , the ether, by the air, and the 
stars by the ether , a notion expressed by Lucretius, when he 
asks. 

Unde mare, ingenui fontes, aeternaque longe 
inumiria suppeditant ? Unde aether sidera pascit ? ^ 

and maintained by Clcanthes, who, according to Cicero, asserted 
that the stars are proved to be constituted of fire by the evidence 
of two senses, the touch and the sight , and that they are con- 
sequently fed by the vapours of the ocean. “ Nam soils candor 
illus trior cst, quam ullius ignis, quippe qui immenso mundo 
tarn longe latcque collucat : et is ejus tactus est, non ut tepe- 
faciat solum, sod etiam ssepe comburat. quoium neutrum faceret, 
nisi csset igneus. Eigo, mquit, cum sol igneus sit, oceamque 
alatur humoribus (quia nullus ignis sine pastu aliquq possit 
pormanere) ; necesse est, aut ei similis sit igni quern adhibemus 
ad usum atque ad victum, aut ei qui corporibus animantium 
continetur ” The opinion that the Earth atfords aliment to 
the stars is also alluded to by Cleoinedes who, having re- 
marked that the Earth is but as a point when compared with 

* Asiatic Researches, VoL VIII sect. 8. 

^ De Rerum Natura, lib. I vei. 230 

® De Natura Deorum, lib. II. cap. 15. 

D© Coutemplatione Orbium Ccelestium, lib. I. cap. 11- 
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the distance of the sun and the celestial sphere, says, we need 
not doubt that this small earth can supply nourishment to the 
heavenly bodies, however vast and numerous they may be, 
since, though small in size, it is great in power and contams 
almost the whole of existence in itself. 

We must not, however, conclude that such opinions were 
universally held r in fact, those who, like Aristotle, conceived 
the celestial bodies to be eternal, contended either that they 
furnished their own aliment, or that none was necessary for 
them ; and Proclus observes that only those bodies which are 
corruptible can receive increase or suffer diminution ; the heavens 
remain for ever unchanged 

The first intimations we have received concerning the prac- 
tice of observing the heavens will be found m those obscm-e 
notices which the Greek writers, of a comparatively late period, 
have given of the early state of the Chaldeans and Egyptians. 
It IS plain from the passage above quoted”, m Diodorus Siculus, 
that, at Babylon, a college of priests must have been instituted 
by the first sovereigns of that part of Asia for astronomical pur- 
poses ; tliat their observatory was on the temple, or at least, on 
a tower belonging to the temple of the deity to whose service 
they were consecrated • we learn also, that the tower was qua- 
drangular, probably of a pyramidal form, and was constructed 
so that its four faces weie opposed to the four cardinal points 
of the honzon. A similar disposition is found to have been 
given to the faces of the chfferent pyramids in Egypt ; and we 
have shewn that these masses are stated to have been used as 
observatories : it cannot be doubted, therefore, that such a dis- 
position has been given by design, and we can conceive no 
other reason for it than to ascertain, by lookiAg along the 
southern oi northern faces, the days when the sun, or any other 
celestial body, rises and sets in the eastern and western points 
of the honzon, respectively : or, by looking in a direction parallel 
to that of the other faces, as in modem practice, to find when 
the celestial bodies are in the plane of the meiidian Be this as 
it may , it is evident that, at the time of constructing these works. 


Proclas m Timaeum, hh III, 
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the two people must have known how to trace a meridian line, 
and the Egyptian pyramids are still existing monuments of this 
step in the ancient science : it must be owned, however, that to 
orient a building is not a work of much difficulty, when great 
precision is not required, since it would be only necessary to 
mark on the ground a line between the spectatoi and a terres- 
trial object when the string of a suspended plummet appears to 
pass through the pole star and that object. 
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CHAPTER III. 

THE NATURE OF THE EARLIEST OBSERVATIONS. 

General phenomena of the heavens.— The phenomena of the sun and 
moon used as measures of time —The moon’s proper motion, and phases, 
observed.— Division of the fixed stars into pai ticular ^p'oups — The original 
constellations changed by the Greeks. — Descnption of the constellations. — 
Their designations supposed to relate to the qualities of the seasons. — 
Astiological notions connected with the constellations. — The sun’s proper 
motion, and the direction of his visible path ascei tamed. — The use of the 
gnomon in astronomy. — Methods of obtaining a well defined shadow. — 
The length of the year detei mined by the gnomon. 


Now if, m the absence of all positive information concerning 
the first discoveries relating to the movements of the heavenly 
bodies, of which indeed scaicely a trace has been prcsert’^od, wo 
might be permitted to supply the deficiency under the guidance 
of such hints as can he collected fiom the ancient wiitcis, wo 
would venture to assert that they must have taken place neatly 
in the following manner. 

A general and ciicular movement of the bodies in the 
firmament would be the fiist phenomenon recognized even by a 
superficial observer. The shepherd who watched his flock by 
night on some plain bounded by the horizon w^'otild soon perceive 
that ^certain stars rose from the ocean, or from behind tlio bills 
which limited his view towards the oast, and each, after 
describing a curve in the heavens, disappeared behind the 
ten'cstrial objects about the west, that some performed their 
revolution without descending so low in any part as to reach the 
horizon ; and, finally, that one star seemed to be stationary in 
the heavens during all the time that the absence of tho sun 
permitted it to be visible ; nor could those phenomena fail to 
suggest the idea of the revolution of some geometrical figure, as 
a cone, a cylinder, or a sphere, about a certain line passing 
through the eye of the observer, and situated obliquely to tho 
plane of the terrestrial horizon How long any doubt existed 
concerning the true figure of that surface on which the celestial 
bodies appear to describe their daily i evolutions is uncertain. 
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We have seen in what manner Aristotle argued in favour of the 
opinion that the universe is globular, and such reasoning may, 
from the first, have been considered as establishing the belief 
that the starry heaven was of a like form; but the means 
explained by Proclus of ascertaining its true figure, have so 
much the appearance of being those which would present 
themselves to the minds of the earliest enquirers into the causes 
of the celestial phenomena, that we cannot do better, in this 
place, than desciibe them. This wntei first observes that some 
of the stars evidently describe complete circles daily in the 
heavens about one fixed point , then, in proof that the movement 
of the sun is circular, he alleges the inequality in the lengths 
of the days and nights in different seasons, and the changes 
gradually made, during the day, in the position of the shadow 
cast by any terrestrial object ; and, lastly, he shews that the 
sun is, at all seasons, on the surface of one sphere because his 
apparent magnitude is invaiiable which, he says, could not be 
the case if, from midwintci to midsummer, he had moved north- 
wards on the suiface of a cylinder or cone, since, in one 
situation, he would then, evidently, have been nearer to the 
spectator than in the other, and consequently, he ought to have 
appeared greater. 

However inconclusive this argument may seem to a modem 
astronomer, whose instruments affoid him the means of detecting 
the periodical variations in the apparent magnitudes of the sun 
and moon, to the ancients it must have been in the highest 
degree satisfactory. The planets and fixed stars did not, on 
account of their smallness, admit of this kind of proof, but the 
celebrated Euclid^, by a comparison of Uie visible magnitudes 
of the circles they describe about the pole, demonstrated that 
the revolving surface to which they belong could be no other 
than that of a sphere. The results, however, of Euchd’s 
demonstration were, in aU probability, very early anticipated, 
for it appears to have been, from the first, generall:jr understood 
that the celestial bodies were attached to the concave surface of 
a spherical shell which revolved in a certain time about the 


* In Timaeiim, lib. Ill 
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earth, and that the latter was situated in or near the centre of 
this concavity. 

The phenomena presented by tlie sun and moon would 
doubtless next atti*act tlie attention of persons impelled to seek 
infoimation concerning the objects that surround them by that 
curiosity which, for his improvement, has been so deeply im- 
planted in man. The risings and settings of the former, which 
afford the means of measunng intervals of time for regulating 
the ordinary occupations of life, would be immediately attended 
to, and employed for that purpose; the inequalities of the 
periods of alternate light and darkness being for some time, 
perhaps, disregarded. 

The remarkable variations in the apparent form of the moon, 
by recurring constantly in a certain order would, no doubt, be 
the indices by which the first steps were taken for the division 
of time into periods exceeding those marked out by the intervals 
between the sun’s rising and setting ; and, by the mhabitants 
of a maiitime region, it is probable that those changes would 
be suspected to have some connexion with the changes in the 
elevations of the waters on the coast or in the mouths of nvers 
It IS easy to observe that a portion of time equal to that including 
about thirty repetitions of the sun’s risings would be com- ' 
prehended between two successive appearances of the moon in 
the crescent form; hence, such a phenomenon would be a 
convenient signal by which to regulate the celebration of some 
peiiodical festival, or the commencement of a journey to some 
distant place ; indeed, we find, among all nations not enlightened 
' by science, that tlie first appearance of the new moon, as it is 
called, IS made use of for those purposes, and one of the duties 
of an established priesthood seems, at first, to have been the 
lookmg out for, and giving notice of that event. The times at 
which the moon presents a full round orb being found to occur 
about the middle of the interval of two of her successive 
appearances in the crescent form would, also, be made available 
for the same purposes, and even the various phenomena of the 
increase and wane might be objects of attention, but the times 
of their accomplishment being marked less precisely would not, 
perhaps, be so geneially useful The appearances of particular 
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stars with the sun, either on the same or on opposite sides of 
the horizon would also, as we have shewn, afford indications of 
times useful for many of the purposes of 'human life ; but it is 
probable that these were not attended to till long after the more 
remarkable phenomena of the sun and moon had been made 
subservient to those to which they are applicable. 

The contemplation of the moon’s progress through the heavens 
would, m a few nights, lead to the discovery of a twofold 
movement in that luminary , for it could not escape observation 
that while, like the rest of the heavenly bodies, she moved 
during the night from east to west, s'he gradually receded from 
certain stars and approached others situated towards the east 
of them by a movement contrary to the former: and, if her 
position with respect to some remarkable star seen after sun- 
set on any night, was compared with her position with respect 
to the same star on the following night, it would be found that 
she had made a movement towards the east, dunng the inter- 
vening time, of more than one thirtieth part of the whole 
cuxumference of the celestial sphere. The phenomena con- 
sequent upon this movement take place in the following manner, 
and they must have been so observed from the first moment the 
heavens were regarded with the least attention. 

The moon fiist becomes visible near the setting sun and then 
she has the form of a slender crescent of light. At the close of 
the following day she appears to have receded considerably from 
the sun towards the east, she sets later and her luminous face is 
found to have increased in breadth. This deviation from the 
sun and the augmentation of breadth continue to increase daily 
and, in loss than seven days, slie is, at the setting of the sun, 
distant from that luminary as much as one quarter of the 
circumference of a circle surroundmg the heavens, and her form 
is that of a semicircle. At the end of about seven days and a 
half fiom tliis time she has receded from the sun to the extent 
of half the circumference of such a circle , she appears to nse m 
tlie east when the sun is setting and her brilliant disc, which 
had assumed an oval form by gradually increasing in breadth, 
becomes an entire circle, m which state she is designated the 
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fiill moon. From day to clay after this time, she appears to 
approach nearer the sun on the eastern side, her disc diminishes 
in breadth so that she again assumes an oval form, and, m 
about seven days and a half from the time of her appearance as 
a full moon, she is once more reduced to a semicircle. In less 
than seven days afterward her disc, which had daily become 
more slender, appears but as a thread of silvery light in a 
crescent form; sh6 then appears to have nearly returned to 
conjunction with the sun and she rises m the east but a short 
time before him. Then, after remaining for a few days invisible, 
as if lost in the superior brilliancy of the orb of day, she again 
appears in the form of a fine crescent of light near the setting 
sun, as at fiist, and all the above phenomena are repeated in the 
same order as before. Such phenomena must have been 
observed long before the oldest works on astronomy, now extant, 
were composed ; for, in them, we find allusions made to, and . 
inferences drawn from, such phenomena as if they were familiarly 
known; and it was, probably, as anciently suspected that the 
moon, duiTiig the mterval between her disappearance wlien lost 
in the rays of the morning sun and her reappearance on emerging 
from those of the evening sun, accompanied, though invisible, 
the great luminary duung his daily progress through the heavens. 

These phases would naturally give rise to the desire of finding 
the cause which produced them, and the opinion was probably 
soon formed that they had some dependence on the position of the 
moon with respect to the sun ; but as it was not till after some 
progress had been made m the study of astronomy that the no- 
tions first entertained of that cause were developed in such works 
as have reached our times, it will be proper that the considera- 
tion of them should, for the present, be deferred. 

But the convenience of referring the moon to some particular 
places in the heavens would render it necessary to preserve a 
knowledge of the configurations of the groups of stars which lie 
near her path, and steps would early be taken to recognize those 
groups by some distinguishing marks. The most simple idea 
would be that of assigning them a fancied resemblance to the 
figure of a man or animal; and a lively imagination would as 
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easily trace such reserablances among the stars as a mind not 
otherwise occupied traces them in a fire, or m the clouds which 
spread their various forms across the summer sky. 

It is probable that, at an early period, an efibrt was made to 
determme the positions of stars with more precision than could be 
obtained by a mere reference to some part of the body of the 
figure to which the group containing them had been reduced ; 
and a method similar to that employed by Ferguson, in the last 
century, may have been practised nearly five thousand years since 
by the inhabitants of the Assyrian plains, whose science was, 
perhaps, about equal to that of the self-taught Scottish peasant 
We can conceive that a pnmitive star-gazer might hold before 
his eye a frame across which were extended tliree slender threads 
intersecting each other so as to form a triangle whose sides 
could be made of various lengths by changing the positions of 
the threads; the intersections, being made to coincide with the 
appardnt iilaces of any three stars, would give, on transferring the 
triangle to a plane surface, the relative situations of the stars ; 
from which those of other stars might be found in the same 
manner till a whole group or, even, the stars contained m a 
narrow zone of the heavens were represented, and there can be 
little doubt that, by such a process, simple plamspheres were 
formed long before the theory of projections was disco- 
vered. By constructing such representations of portions of the 
starry sphere on a plane, or on the surface of a ball, it is evident 
that the determination of the paths and movements of the sun, 
moon, and planets would be greatly facilitated , for this purpose, 
with respect to the moon and planets, it would be only necessary 
to extend a thread to pass through the apparent places of those 
bodies and some of the neighbouring stars, in two difierent di- 
rections , then lines being dravm on the planisphere, or arcs on 
the surface of the ball, to pass through the representations of 
the stars, the intersection would give the place of the moon or 
planet. 

The figures under which the stars have been grouped, origin- 
ally, perhaps, represented the deities of the East, and some of 
the principal circumstances connected with husbandry and reli- 



44 


THE NATURE OF 


[chap. 


gion ; and it was probably as muck for the pxirpose of transmit- 
ting those circumstances to posterity as of facilitating a know- 
ledge of the places of the stars, that such figures were imagined 
to exist on the surface of the celestial vault. But when the 
scienc'e of astronomy began to be cultivated by the Greeks, the 
vanity which prompted this people to ascribe to persons of their 
own nation the achievements of foreign heroes, seems to have 
led them even to change the legends pictured by the Chaldeans 
and Egyptians on the face of heaven for others drawn from the 
fables which formed the basis of their own mythology and his- 
tory. The Mithraic Lion, the symbol by which the earliest 
Eastern nations represented royalty, is, perhaps, the only con- 
stellation remaining of those which were formed by the Chal- 
deans ; and we have the testimony of Plutarch to prove that 
^some, at least, of the actually existing figures are transforma- 
tions of others which had been placed in the heavens by the 
Egyptians ; for this writer, who, in his treatise De Iside et Osi- 
nde, makes the priests of Egypt say that the souls of the gods 
shine in the heavens and are stars, adds that the constella- 
tion of Isis IS called, by the Greeks, Cams; that of Horns, 
Orion, and that of Typhon, Ursa. 

The sculptured planisphere which has been recently disco- 
vered on the ceiling of the Temple at Denderah cannot be 
expected to show many of the constellations invented by the 
ancient people either of Chaldea or Egypt, since its execution is 
now well known to have been subsequent to the time when the 
Greek astronomy was prevalent in the East , yet as certain dif- 
ferences are found between the figures on the Egyptian temple 
and those which distinguish the constellations described by the 
Greek writers, it is probable that there may be some among 
them belonging to that distribution of the stars which was made 
by the people of the country. The above-mentioned assertions 
of Plutarch seem also to be confirmed by this monument, for in 
the place of Cams Major is traced a cow, the animal consecrated 
to Isis; instead of Onon is the figure of a man which is sup- 
posed to be intencled for the son of Osins, and in the pari where 
we now place Draco is a figure having some resemblance to that 
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of a hippopotamus, which, as well as the bear, is said by Plu- 
tarch to be the emblem of Typhoii and the habitation of his 
spirit. Near the group of stars representing, as it is thought, 
the Hyades, is the figure of a hog, which, perhaps, originally 
designated that cluster , the hog being an animal of great im- 
portance to the Egyptians, and from its Greek name, the word 
Hyades is supposed to have been derived. In the sculpture, the 
figure of a man with the head of an ox is believed to be the ori- 
ginal of the herdsman Bootes , and the place of Ursa Minor is 
occupied by a wolf. 

It IS remarkable that the constellation entitled Libra, which is 
found in all the zodiacs on the Egyptian temples, and certainly 
formed one of the divisions of the celestial sphere in the 
ancient Egyptian astronomy, should, fiom the time of Empe- 
docles have been omitted in the descriptions of the heavens 
given by the astionomcrs of Gicece, who ^made the claws of 
Scorpio extend so far as to occupy all the space which, pre- 
viously, had been assigned to Libra • the latter was restored by 
the philosopheis of the Alexandrian school, and it has ever since 
retained its place among the zodiacal signs. 

Above and below the twelve zodiacal constellations in the 
planisphere of Denderah arc many representations of men, 
women, plants, and instruments besides the above-mentioned 
objects, andM. Jollois endeavours to prove that some of these 
also represent the constellations which find upon our 
common globes ^ Be that as it may, the ascertained points of 
resemblance between the figuies on the planisphere and those 
wc now suppose to be traced in the heavens, shew that little 
change has been made in the distiibution of the stars since the 
ongin of the Greek astronomy ; and, on this accoxmt, the con- 
templation of the figures into which the stars are grouped must 
possess considerable interest foi the classical scholar to whose 
mind they present an eternal picture of the principal ciicum- 
stances in the ancient mythology, on which he has from youth 
been accustomed to dwell with particular delight. 

At the time when the stars were first reduced under determi- 

* He Isid© 6t Osinde ** Eubiicius, Bibliotlx Gic&ca, lib It. cap 12. 

Recbeiches burles bas-iolicfs astionomi<iues des Egyptiens, sect, I. cli. 1. 
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nate figures ; that is when the inhabitants of the Assyrian plains 
made their first obseivations of the heavens, the space now dis- 
tinguished by the constellation Draco was immediately in the 
Vicinity of the northern extremity of the axis about which the 
whole celestial sphere seems to revolve ; and one of the stars^ 
since designated a, in that constellation was then so near the 
pole that it must have appeared stationary during the whole 
revolution, though now, after a lapse of nearly four thousand 
years, it has, by that slow movement to which all the stars 
appear subject, deviated from the pole as much as about 25 
degrees. The figure which was, no doubt by the Greeks, made 
to coincide with a number of stars situated in this part of the 
heavens, in a curvilinear direction, is supposed to represent the 
dragon appointed to watch the Garden of the Hespendes. 
Within one of the sinuosities foimed by this figure is placed the 
constellation Ursa Minor, which seems to have been intended to 
commemorate the transformation of Areas, the son of the nymph 
Calisto, and the grandson of Lycaon king of Arcadia ; it consists 
of seven principal stars, one of which, forming the extiemity of 
the animal’s tail, is, at piesent, the polar star, being situated 
within two degiees of the point in which the pioduced axis of 
the earth would actually meet the heavens. On the opposite* 
side of Draco is the constellation Ursa Major, which lepiesents 
Calisto herself, it contains seven bulliant slais disposed in a 
figure resembling that of Ursa Minor, and has been paiticularly 
distinguished since the most ancient times , though it did not 
always occupy the whole of the space at piesent assigned to it,* 
for the body of the animal appears to have been originally con- 
fined, by the Greeks, to the quadrangle formed by the four 
pnncipal stars 

At an equal distance from the place of the present pole of the 
world, but on the opposite side of it, axe situated the constella- 
tions Cepheus and Cassiopeia; representing a prince of India or 
Arabia and his consort : the former contains three distinguish- 
able stars forming an obtuse tnangle, and the other contains 
seven which are so disposed as nearly to resemble the groups 
composing Ursa Major and Minoi. Beyond Cassiopeia towards 
the South IS the constellation Andiomeda which may be easily 
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recognized by its three principal stars lying nearly in a right 
line and equally distant Iroin each other: this princess was the 
daughter of Cepheus and is said to haye been exposed on the 
sea-shore by her father, to be devoured by a monster, in order 
to propitiate Neptune who, for the punishment of Cassiopeia, 
had afflicted the country with a pestilence. Ihe great constel- 
lation Cetus, which is far beyond Andromeda towards the south, 
IS intended to represent this monster ; it contains several con- 
siderable stars but they are not disposed in any figure which 
can be easily recognized. 

Immediately on the eastern side of Andromeda is Perseus, 
her deliverer and, subsequently, her husband, who may be dis- 
tinguished by three considerable stars disposed in a right hne, 
and by two others in a line oblique to the former : near this con- 
stellation is a cluster of stars considered as formmg the head of 
the Gorgon Medusa. About the same distance from the present 
I)lace of the north pole, and on the east of Perseus is the con- 
stellation Auriga which IS supposed to commemorate Erichthonius 
king of Athens ; it contains but two consideiable stars and the 
greatest of these is situated in the figure of a goat which is 
borne on the left shoulder of the king and was intended to de- 
signate Amaltheus, the nurse of Jupiter. 

A long tract extending about the pole eastward from Perseus 
was occupied, in the ancient representations of the heavens, by 
stars not formed into any constellation ; but beyond Ursa Major 
came Bootes, or the Pastor, supposed to be Icarus, a king of 
Laccdcmonia who taught the ait of cultivating the vine ; withm 
the figure are eight considerable stars, but the piincipal is 
Arcturus, which is situated in one of his knees. On the eastern 
side of this constellation is the northern crown which is pre- 
tended to be the diadem of Ariadne and consists of several stars 
disposed in a semicircular order. Contmuing in the same di- 
rection about the pole we come to Hercules who, nnciently, 
bore in his hand a branch supposed to have been taken from 
the Garden of the Hesperides, and who is easily distmguished 
by four stars forming the figure of a trapezoid: then follow the 
Lyre of Apollo or of Orpheus in which is the brilliant star Yega, 
and tlxe Swan, supposed to represent Orpheus himself, which is 
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distinguishable by the piincipal stars being disposed in the form 
of a crucifix. 

Southward of Hercules is the constellation Ophiuchus which 
commemorates Esculapius the father of medicine ; and several 
stars forming a long waving hne running through the figure aie 
considered as cOnstitutmg a serpent, the emblem of his wisdom. 
Near Ophiuchus is the eagle which conveyed Ganymede to the 
court of Jupiter ; it is distinguished by three stars disposed in a 
right hne : a small cluster of stars forming a kmd of lozenge re- 
presents the dolphin which bore Arion to the shore , and, to 
complete this circle of constellations, we have Pegasus which 
sprang from the fountain Hippocrene , the four principal stars 
in this group being disposed at the angular pomts of a square in 
the heavens permit it to be easily distinguished 

Tw elve remarkable constellations are situated nearly in the 
direction of the ecliptic and, conseqnently, serve to mark the. 
places of the sun, moon, and planets, of which all that were 
known to the ancients appear to describe paths lying within a 
narrow zone surrounding that part of the heavens. The first of 
these constellations, which is distingmshed by the name of Aries, 
comes between Andromeda and Perseus but is fuitber towards 
the south than either, it is distmguished by three stars of dif- 
ferent degrees of splendour, which form an obtuse angled trian- 
gle, and it designates, probably, the ram bearing the golden 
fleece which gave nse to the voyage of the Argonauts. FoUow- 
ing Anes, towards the east, is the constellation Taurus, supposed 
to be the bull which earned away Europa ; in the neck of the 
animal is a cluster weU known by the name of the Pleiades, and 
supposed to be the seven daughters of Atlas ; and m his head is 
the very bnlhant star Aldebaran and a cluster denominated the 
Hyades. More eastwaafl is the constellation Gemini represent- 
mg Castor and Pollux or, according to Hipparchus, Apollo and 
Hercules ; a bnght star is m the head of each of these two 
figures, and below them are four others forming a quadi angle. 
Next to these follows Cancer, which is supposed to represent 
the animal sent by Jupiter to arrest the flight of a nymph of 
whom he was in pursuit; and afterwards, the Nemean hon 
which was slam by Hercules ; this constellation is distinguished 
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by four stars forming with each other an irregular quadrangle, 
in the body, and by several others in the head, of the figure. 
Virgo IS the next in order, and lepiesents Ceres or Isis or, per- 
haps, Erigone the daughter of Icarus ; it contains six consider- 
able stars neai the western, and one still more brilliant, towards 
the eastern extremity. 

In the more ancient representations of the heavens, the suc- 
ceeding constellation was Libra, or the Balance, and the instru- 
ment was sometimes accompanied by the figure of a man who 
is supposed to have been its inventor. Scorpio, whose claws, 
in some of the desciiptions of the zodiac given by the Greeks, 
extended, as we have said, so far as to fill the space occupied, 
befoie, and subsequently to their times, by Libia, represents the 
animal sent by Diana to destroy Orion for presuming to rival 
her in the chace ; the constellation contains several blight stars, 
of which those at the western extremity are disposed nearly in 
the form of an anchor. Sagittarius follows, and is consideied 
as commemorating the Centaur Chiron, the inventor of medicine; 
it IS chiefly distinguishable by four stars forming a long 
quadrangle in the front of the figure. 

Caj)ncomus is supposed to designate Pan who took this form 
in order to escape the giant Typhon : the constellation may be 
known by two bright stais in the head of the goat and one at 
the opposite extremity. Aquaiius may have been intended to 
represent Deucalion who re-peoplcd the caitli after the Thes- 
salian deluge , its three principal stars have the figure of a long 
tiiangle The constellation Pisces was pla..ed m the firmament 
to commemorate the transformation of Venus into a fish when, 
being alarmed by Typhon, she plunged into the Euphiatcs. 

Between Taurus and Gemini, but to the south of both, is the 
celebrated huntei Orion, who forms the most splendid constella- 
tion m the heavens, where, as some suppose, the figure has in 
every sphere kept unchanged, except in name, the station to 
which the devotion or the fears of the Chaldeans had elevated 
their monarch Belus , he is distmguishable by a bright star in 
each shoulder and leg forming, togcthei, a large quadrangle 
within which are thiee stais disposed in a line and resembling a 
girdle Below Orion, towards the south-east is Cams Major, 

E 
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origmally, perhaps, representing the Egyptian god Anubis but 
subsequently, by the Greeks, conyerted into one of the dogs of 
Orion ; m the lower part of the figure are four bright stars and 
in tlie upper part, three ; one of which (Siiius) is the most bril- 
hant m the heavens. A long constellation to the south of 
Leo and Virgo represents the hydra of Lema ; and still further 
southward is the celebrated ship of Argos or, as it is called by 
Plutarch, the ship of Osins, m the lower part of which is the 
bnght star Canopus. Between Oiion and Cetus, and extending 
from thence to the South Pole is Eridanus, which is said to re- 
present either the Po, in Italy, or the Nile, in Egypt. And to 
terminate this biief description of the ancient constellations wc 
may mention the Galaxy, an irregular zone of whitish light 
which surrounds the heavens, it begins to be visible in the 
south near the tail of Scorpio where it divides into two branches 
nearly parallel to each other , passes northwai'd through Sagit- 
tarius, Aquila, Cygnus, Cepheus and Cassiopeia ; from thence, 
turning towards the south, it runs through Perseus, Auriga, the 
feet of Gemini, Cams Major and the ship of Argos, where it 
ceases to be visible to the inhabitants of the northern regions 
of die eaith. The opinions of the ancients concerning the na- 
ture of the Galaxy can haixlly be distinguished through the veil 
of allegory with which they usually enclosed their descriptions 
of the heavens : on the supposition that the sphere surrounding 
the region of the fixed stars was a mateiial substance, (Enopides 
of Chios described this zone as the tiace of an ancient road on 
which the sun once performed his yearly revolutions about the 
earth " , and Theophrastus, as we have said, considered it as the 
place of junction of the two portions which constitute the ce- 
lestial sphere. Neither of these fancies can be understood as 
any thing more than a poetical figure ; but the wnter last quoted 
has recorded the assertion of Democritus, so remarkably veri- 
fied by the discoveries of Sir William Plerschell, that the appear- 
ance IS caused by the blended light of an incalculable number 
of stars situated in that particular region^. Innumeras steU 
laS) brevesque omnes, quee sptsso tractu %n unum coactm^ spatus^ 

^ Acliilles Tatius, Isagoge, in Petav. cap. 24. 

^ Macrob. comment, m Somn. Soip. Lib. I. cap. 15. 
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^u(B a/ngustissima interjacent, opertxs vicince sibi unchgue, et 
idea passim diffusm lucis aspergine continuum guncti luminis 
corpus ostendunt.” A similax opinion appears to have been en- 
tertained by the ancient Persians. 

The account we have given of the zodiacal constellations is 
in accordance with the notions of those who imagine that they 
were intended to represent some of the circumstances connected 
with the Greek mythology ; but it is equally probable that the 
figures have some relation to the rural operations of the an- 
cients, or to the phenomena presented by the sun. It has been 
supposed that the figure of a ram was given to the assemblage 
of stars forming the first constellation because, when this divi- 
sion of the heavens was made, the sun was in that part of the 
zodiac at the season in which ammals of the above kind were 
taken fi-om the stables to the fields. It is also pretended that 
the lion, an animal distinguished for strength and ferocity, was 
chosen to repiesent the violence of the heat experienced in sum- 
mer , the scorpion, to designate the unhealthiness of the autumn; 
and the balance, to express the equality in the lengths of the 
days and mghts at the same season The name of Cancer, an 
animal which is said to move backwards in walking, may have 
been apphed to the fourtli constellation to express the return of 
the sun fiom the summer solstice , and the name of Capricomus, 
an animal which seems to have a facility in climbing up rocks, 
to the tenth, in order to represent the rising of the sun fiom the 
WMiter-tropic. It is worthy of remark that, according to Ma- 
crobius “, the ancients designated the signs Cancer and Capri- 
corn as the gates of the sun, at which, having arrived, that 
luminary seemed to retrace Ms path in the zone which he never 
leaves. Through Cancer, also, he says, the spirits of men were 
supposed to pass in descending from heaven to earth ; and 
through Capricorn, which therefore was called the gate of the 
gods, they ascended fiom earth to heaven. 

A probable opmion is expressed in the works of Macrobius 
and Solmus ’’ for the choice of the constellation Aries to mark 
the commencement of the zodiac: these writers observe that 


^ Macrob. comment, in Somo. Scip. Lib. I cap 15. 

^ Solmus, Polybiator. cap. 45. 
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tlie presence of tie sun in Leo, being contemporary with the 
summer season, m which all the productive powers of natuie are 
displayed on the earth, was, on that account, imagined by the 
Egyptian priests to coincide with the birth, as it is called, of 
the universe , but, at the rising of this constellation, Aries is in 
the mid-heaven, the vertex or summit, as it were, of the celes- 
tial sphere, and was therefore appropriately considered as the 
head or leader of the zodiacal constellations 

The paiticular denominations assigned by the Egyptians and 
Greeks to some of the groups of stars have been found to pre- 
vail among the uncivilised natives of the western world. M. 
Badly quoting the words of Peie Lafhteau, states that the 
Iroquois express the constellation Ursa Major by a word signi- 
fying a Bear , he shews also, fiom Pere Souciet, that the people 
inhabiting the banks of the Amazon call the Hyades (in Taurus) 
by a name signifying the jaw of an ox , and, from various 
authors, that the Galaxy is, by the Greeks, the Arabs, and the 
savages of Amenca, designated a road , the Chinese, alone, call 
it the celestial river. The coincidences above mentioned may 
be accidental, but it is not impossible that some notions respect- 
ing the astionomy of the ancient woild may have been conveyed 
across the Pacific Ocean by the Malayan oi Mongolian tubes 
which, with great reason, are believed to have colonised, and for 
ages possessed the vast continent first made known to the lest 
of mankind by the genius and foitune of Columbus. 

As we purpose to exhibit a view of the jirogress made in the 
contemplation of the celestial bodies and their movements, it 
will not be thought inelevant to the subject if we here notice 
the leading phenomena which were supposed to be the proxi- 
mate causes of the influence of the heavens upon the lives of 
men , for we consider a knowledge of the human mind to be 
imperfectly attained unless its aberrations fiom, as well as its 
direct advances in the iiath of science have been attentively 
studied. 

Those who have explained the rules for forming astrological 
judgments respecting the concerns of men, according to the 


" Astronom Ancienne Eclairciss. hr. IX sec 1. 
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principles which they pretend to have been laid down by the 
Chaldeans, asseit that the zodiacal constellations or signs are 
those which produce the most important effects ; that the sign 
which appears ascending above the hoiizon at the moment of the 
birth of a man, determines his character, profession and fortune, 
and that these are supposed to depend on the qualities or uses of 
die animal which marks the ascending sign The extra-zo- 
diacal signs were also supposed to have mduences of the same 
kind, and these were determined m like manner by their ascent 
above the hoiizon at the biith^. The zodiac was divided into 
twelve stations or mansions, and that occupied by the moon 
at the time of the bnth of a man determined the duration of his 
hfe , the number of yeais being different in the several man- 
sions The twelve zqdiacal constellations were distinguished 
into such as were iriendly and unfiiendly ; and persons bom 
under those of the former class were supposed to live to- 
gether in peace, while those bom under the latter were imagined 
to be inclined to hostility^ The same constellations weie also 
distinguished according to their aspects ^ which weie dctei mined 
by their angular distances from each other, and denominated 
Inne, qtiartile and sextile^ according as the distances were one- 
thiid, onc-fourth, or one-sixth of the circumference of the zodiac ; 
the conjunctions and oppositions were also considered as posi- 
tions of considerable importance. By inscribing an equilatcial 
tiiangle in the circle of the zodiac, having its angular points in 
the middle of three of the signs, a trigon was formed, and it is 
evident that there might be thus formed four different trigons 
whose angles would fall in aU the twelve signs. To these tri- 
gons were given the names and qualities of the four elements : 
thus the first, foimed by Aries, Leo, and Sagittarius, was called 
the trigon of fire ; the second, formed by Taurus, Virgo, and 
Capiicomus, was called the trigon of earth , the third, formed by 
Gemmi, Libra, and Aquaiius, was the tngon of air ; and the 
fourth, formed by Cancel, Scorpio, and Pisces, was the trigon of 
water. In like manner there might be formed three tetragons 


* Astronomicon, Lib. TV ver. 122, etc. 

* Ibid. Lib, III. ver. 508. 


^ Ibid. Lib. V ver 39 
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and two hexagons \ It would be loss of time to do more than 
name these frivolities , wo are astonished that they should ever 
have been the subject of serious consideration for a moment, and. 
it is humiliating to reflect that they once entered into the creed 
of the learned, in Europe. 

The importance of the sun in seiving as a measure of time 
more extensive than that afforded by the moon, must have be- 
come sensible when it was discovered that this luminary had a 
movement from west to east, as well as the latter, though with 
less apparent velocity, while it also partook of the geneial 
movement of the firmament from east to west : and though the 
observations of that motion could not be so easily made as in 
the former case because, while the sun is above the ciicle that 
bounds our view of the earth and heavens, the stars by which 
his movement is to be ascertained are rendered invisible from his 
own superior brilliancy, nevertheless, an attentive consideration 
of the heavens a little before the rising and after the setting of 
the sun would soon shew the reality of this twofold movement. 
In order to detect the motion from west to east, it would be 
only necessary to take notice of some principal star, which, on 
any day, ascends above the hoiizon in or near the east, a short 
time before the sun, and to repeat the observation after an in- 
terval of a few days : it will, then, be apparent that the distance 
between die sun and that star has increased, so that the latter 
now ascends above the horizon a considerable time befoie the 
sun. Either, then, the star has receded from the sun towards 
the west, or the latter has advanced towards the east during 
that time ; but, as the relative distances of the stars do not ap- 
pear to change, it would seem more probable that the observed 
motion was that of the sun. And if the stars which set soon 
after the sun were, on any night, observed, it would be found, 
that, after a few nights, those stars would cease to be visible at 
sun-set, and others which, before, were situated more eastward 
than the former would occupy their places near the horizon ; a 
circumstance which also indicates a movement of the sun from 
west to east. 


^ Astionomicoa, Lib. II. ver 270 
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It is conceivable that such observations v^ouldj in the infancy 
of astronomy, be continued during long periods ; and perhaps 
it vrould be found that, at the end of a certain time, suppose 
equal to the interval between two successive summers or winters, 
the sun, having continued to advance towards the east, had ar- 
rived nearly in the same position as at first with respect to one 
fixed star ; and, thus, the length of the year might be found to 
depend upon a complete apparent levoliition of the sun, in that 
manner, about the earth. Such observations of the rising and 
setting of particular stars, near the sun, if continued during that 
time, would also serve to shew, with accuracy sufficient for 
the purposes of the first observers, the direction of the ecliptic ; 
that IS, of the sun’s patl? in th,e heavens : thus it would be found 
that this route lay between the stars now marked a in the 
constellations Aries and Cetus: between Aldebaran and the 
Pleiades m the constellation Tauius, and so on, through the 
whole circuit. 

The want of precision in the observations of the heliacal 
risings and settings of stars, as those above alluded to were de- 
signated, would, however, afford a determination of the length 
of the year too vague to be satisfactory even to a people but a 
little way advanced m the knowledge of the heavens ; and the 
observation of another movement in the sun would lead to a 
means of fixing its duiation within more useful limits It is 
evident, to the most supeificial observer, that the sun, when in 
the middle of his diurnal course, is moie elevated above the 
southern part of the horizon m one season than in another i 
and the changes of elevation may be observed to produce cor- 
responding variations in the lengths of the shadows cast by ter- 
restiial objects on the level surface of the giound. Hence 
would, naturally, originate the idea of raising a gnomon orpiUar, 
in a vertical position, from a pavement rendered as honzontal as 
possible ; that, by the variable length of the shadow, might be 
indicated the changes in the altitude of the sun, the direction of 
his path in the heavens, the length of the year, and the division 
of the day into portions. 

The employment of a vertical pillar or gnomon for astrono- 
mical purposes, was probably general wherever the science was 
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cultivated not only in its infancy, but even for some time after 
graduated instruments had been constructed. Its invention may 
be ascribed to the Chaldeans, for Herodotus states * that the 
Greeks learned from them (the use of) the pole (‘ttoaov) and gnomon 
(yvw/^oi'a), and to divide the day into twelve parts , yet it is light 
to observe that Delambre conceives the teims to signify only the 
hemisphere or sun-dial of Berosus'^. Be that as it may, we find 
the gnomon in use among the Greeks and Romans, the Hindus 
and Chinese ; and though no direct evidence now exists that 
the Chaldeans or Egyptians applied it to the purpose of finding 
the days of the greatest and least altitudes of the sun, yet it can 
scarcely be doubted that so simple a means of determining the 
length of the year must have presented itself to an agricultural 
people, to whom a knowledge of the returns of the seasons was 
of the highest importance. The pyramidal stone 130' feet long 
and 25 feet square at the base, which is said by Diodorus Si- 
culus ' to have been, by order of Semuamis, hewn out of the 
mountains of Aimema, and set up in a conspicuous part of the 
city of Babylon, is, by Maurice'* supposed to have been the 
prototype of all succeeding obchsks, and used as a gnomon: 
and if any dependence can bo placed on the assertions of Jose- 
phus, It will he evident that m Egypt, from a very early time, 
the gnomon was in use as a sun-dial to shew the hours of 
the day ; for, in his reply to Apion « he makes the latter say, 
that Moses was of Heliopolis, a city consecrated to the sun ; 
that he was skilled in the learning of the country, and that he 
had erected a column having, at the top, the figure of a man 
whose shadow moved with the sim , and it is nearly certain that 
the dial of Ahaz alluded to in the Scriptures was an instrument 
of a like nature The fact that the gnomon was used to divide 
the day, may be considered as a sufficient proof that, in the 
same part of the world, it was, also, made to serve for the above 
mentioned purpose. 

The obelisks constructed in Asia, and near the enhances of 
the Egyptian temples have also, by some persons, been 


» Euterpe, Cap. 109 » Histoue de I’Astion. Tom. I. Additions. 

Pibl. Hist. Lib. II, Cap 1. ■* Appendix to the Rums of Babylon. ' Lib. II. 
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considered as gnomons intended for one or both of these 
objects, and the opinion seems not destitute of probabiKty, for 
Pliny observes"- that obelisks were so called because they 
resemble the foim of the solar beams, and that they were 
erected among eveiy people distinguished by the worship of the 
sun, to whom they are behoved to have been dedicated ; on this 
account they might, veiy appropriately, be made subservient 
to the deteimination of time. Delambie’s objection that the 
foims of their summits are such as not to permit the extremity 
of the shadow to be accurately defined docs not appear to be 
well founded , since, at the time of then construction, or while 
the practice of using them subsisted, there might have been 
adapted to the upper pait of the obelisk, in ordei to gam the 
end, a metallic rod, terminating m a point, or a small globe ; 
and we are informed by Pliny that a ball was actually placed 
upon the obelisk elected by Manlius in the Campus Martins at 
Rome for the vciy puipose: or, lastly, as m later times, a 
peifoiated plate might have crowned the summit, by which a 
distinct image of the sun would be formed on the horizontal 
pavement ; and thus, the hour might bo shewn, or the time of 
the solstice asceitained with as much precision as was then 
requiicd. Accoiding to Plmy, the Alexandiian obelisk, now 
denominated Cleopatra’s Needle, was erected by Mesphres, 
who IS supposed to have lived about 1700 years before Christ. 

On contemplating the daily state of the shadow cast by the 
gnomon at noon, an attentive obseiver would remark that about 
midwinter it remain|d, for a few days, apparently of one and 
the same length; he would aftei wards find that it began to 
diminish, at first by small decrements , but the daily difierences 
of length would soon become more perceptible, and it would be 
seen that these difierences were the greatest at the commence- 
ment of the spring quaitcr of the year. The absolute length of 
the shadow continuing to decrease, the daily decrements would 
subsequently be found to dimmish in an order exactly the re- 
verse of that which they followed in the previous quarter, and 
they would become insensible about midsummer when it would 
seem as if the altitude of the sun at noon remained the same for 


* :Nat. Hist. Lib XXXVI. cap. 8. 
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a few days ; and, hence, would arise the denominations of the 
summer and winter solstices, which have been applied to the 
points of the heavens occupied by the sun on the days of mid- 
summer and midwinter. The daily lengths of the shadowy 
would increase from midsummer to midwinter in precisely the 
same older as that in which the diminutions took place ; and a 
few repetitions of the observations of the days when the shadow 
w'^as the longest and the shortest would, probably, suffice to enable 
the ancient astronomers to assign three hundred and sixty-five 
days to the length of the year, or period between two successive 
arrivals of the sun at the same solstice. The difficulty of 
ascertaining the piecise days on which the shadow was the 
greatest and least would, no doubt, be immediately felt, but a 
mean of several observed times must have given the length of 
the year correctly, with respect to the number of complete days, 
and greater accuracy was probably for a long time disregarded. 
The near coincidence of the day of midsummer, or of the least 
shadow of the gnomon, with the first appearance of a rise in the 
waters of the Nile, on which the fertility of the soil of Egypt 
depends, appeals to have induced the people of that country to 
consider the epoch of the summer solstice as the commence- 
ment of one of the parts into which they divided their agn- 
cultural year. 

The movements of the moon in the heavens would be found 
to resemble those of the sun, for she has, as we have already 
mentioned, one motion &om the west towaids the. east, and 
another, in common with aU the celestial bodies, in the contrary 
direction; again, she attains on different nights, different 
elevations above the horizon, when in the middle of her noc- 
turnal course ; and it must have been soon observed that, within 
a period equal to, but not always coincident with that which 
elapses between one change and the following, her elevation 
varies by a gradual increase irom the least to the greatest, and 
then decreases as gradually to the least. 
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CHAPTER IV. 

THE PRINCIPAL PHENOMENA OF THE SUN, 

MOON AND PLANETS. 

The planets distinguished from the fixed stars — Their names and symbols. 

— The visible movements of the inferior planets — Observed periods of their 
deviation from the sun — The superior planets are alternately in conjunction 
with, and in opposition to the sun — Observed sidereal movements of the 
planets — Possibility that the modern planetary systems may have been 
imagined by the ancients. — The phenomena of echpses observed — Effects of 
eclipses on the minds of men — The cause of solar eclipses eaily known — 
Uncertainty of the ancients lespecting the cause of lunar eclipses. — The 
most ancient eclipses recorded. — Probable nature of the early observations of 

eclipses. The apparent paths of the moon and planets, and the situation of 

the moon’s apsides recognised — The comets were noticed by the Chaldeans. 

The practice of observing the heavens frequently in Egypt and 
Syna, countries which, as Plato observes m the dialogue 
Epinomis, enjoy, almost constantly, a serene and cloudless 
atmosphere, would in time permit the spectator to perceive that 
all the stars do not retain their relative distances unaltered: some 
of the principal stais would appear to be endowed with move- 
ments which resemble those of the sun and moon ; for while 
they partake of the general motion of the celestial sphere from 
cast to west they, at certain times, proceed with a different 
motion in the same, at other times in a contrary direction ; and, 
again, at various times, when in the middle of their nocturnal 
course, they may he seen differently elevated above the horizon: 
lastly, there are certain penods when, for some days, they 
appear stationary m the heavens with relation to the other stars, 
though stiU partakmg of the genoial motion from east to west. 
It might further he observed that two of these wandering stars, 
or planets as they were called, had tins peculianty, that they 
were never seen beyond a certam angular distance from the sun : 
one of them, to which the name of Mercury was given, would 
he visible only when near that lummary and for a short time 
aftei his setting or before his using . the other, which was dis- 
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tingmslied by the name of Venus, would exhibit similar pheno- 
mena, but would deviate further from the sun than Mercury ; it 
would, consequently, rise at an earlier, or continue visible m the 
west to a later hour. 

The other planets, Mars, Jupiter and Saturn which, as well 
as those last mentioned, were known from the earliest period of 
astronomical histoiy, would appear to have greater ranges of 
motion, being sometimes seen near the sun and sometimes at a 
distance from him equal to the whole diameter of the visible 
heavens , foi they would frequently be seen rising in the east 
when that luminary was setting, or setting whence was rising. 
Jupiter and Venus from their superior brifriancy, which permits 
them to be visible when in the vicinity of the sun, were early 
distinguished by the epithets of JLucifer and Hesperus, and re- 
ceived the denomination of moining or evening stars according 
as they were seen with the sun at his rising or setting. 

The names of the planets may have been given from some re- 
semblance imagined to exist between them and the attributes of 
the deities woi shipped in the heathen world , thus one planet, 
from Its swift motion and vicinity to the sun, leceived the name 
of the Messengei of the Gods ; anothei, from the biilliaiicy of its 
light was denominated Venus, and a third, from its fiery aspect 
received the appellation of the God of War, and so on While 
the reveries of a degrading supeistition pi evaded among men, a 
child which happened to be bom at the time of the rising of any 
particular planet was considered as under the protection of the 
deity whose name it bore, and his disposition was supposed to 
resemble that of his patron-god The Jewish and Aiabian 
wiiters of the middle ages inform us that the Chaldeans gave to 
each planet a certain symbol denoting its quality , as a hexagon 
to Saturn, a triangle to Jupiter, a squaie to the sun, and the 
like , .and the symbol of the Deity, the First Cause, or the Eternal 
Mind was a ciicle which, as we know from other authorities, 
was considered as the most perfect figure. We aie inform- 
ed also that fire, or the sun, was considered as a symbol of the 
First Cause, and that all these symbols were worshipped as repre- 
sentations of their prototypes: and we learn firom the same 
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writers that the Chaldeans divided the heavens into what were 
called mansions ; assigning to each planet a mansion and the 
care of some species of beings on the earth. 

According to Plutarch% Pythagoras ascribed the figures of 
what are called the regular bodies to the four elements and the 
universe , thus he is said to have made the cube represent the 
earth, the pyramid, fiie ; the octahedi on, air ; the icosahedron, 
watci, and'the dodecahedron, the whole of nature M. BaiUy^ 
supposes these symbols to have originated in the idea that mate- 
nal substances are formed by crystallisation and that the regular 
bodies have, respectively, the forms of the primitive crystals m 
each of the elements ; but it is more probable that the symbols, 
like those applied by the Chaldeans to the planets, were intend- 
ed to represent the comparative excellences of the '*dilforcnt 
elements themselves. The opinion of a divine agency m the 
stars, which was, first, attributed to them by the Chaldeans, pro- 
bably spread from the countiy occupied by this people, as a 
centre, into other parts of the East, and to Egypt ; fiom whence it 
was, in time, convoyed to Europe, where, during the long period 
which preceded the biith of the modem philosophy, it almost 
um,versally prevailed. 

Theie cannot be a doubt that the movements of the planets, as 
far as they could be ascertained by the unassisted eye were, 
from the first, attentively studied, but since the variations of 
their apparent forms could nOt, without the aid of telescopes, be 
distinguished, the principal fact on which a knowledge of the 
nature of their real movements depends was wanting; therefore 
if the ancients ever possessed that knowledge we axe certain that 
they must have attained it by conjecture only. Yet enough 
could be observed, to have led them to the formation of an 
hypothesis concerning those motions similar to that which is 
now universally admitted ; and sundry passages in the works of 
ancient authors have been adduced to piove that such an hypo- 
thesis had not escaped the ingenuity of the Egyptian and Greek 
philosophers. Whether this were the case or not will be for ever 
uncertain, but to enable us to form a judgment of its possibility 


* De Placitis, Lib II Cap. 2. 
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it will be nece&saiy to shew what were the phenomena which 
might have been observed before any instrument was invented, 
and before any means were in use for measuring time except 
those affoided by the succession of days and nights. 

Perhaps the most striking phenomena of the i)lanctary motions 
would be the limited deviations of Mercury and Venus from the 
sun ; repeated observations must have shewn that, from the re- 
spective times at which they first became visible near the rising 
sun, they recede from that luminary daily towards the south, to 
a certain extent; then returning eastward they again rejoin it 
and cease to be seen on that side of the horizon. After being 
for several days invisible, each planet may be seen to emerge 
Jfrom the light about the setting sun , from which time it again 
continues daily to recede from that luminary towards the south 
till the deviation is equal to that which was observed on the 
eastern side of the horizon ; it is then found to return towards 
the west and, after being again conceded for some days in the 
solar light, it reappears before sunrise in the east, and the pluj- 
nomena arc repeated m the same order as before. The extent of 
the deviations of Venus must have been found to h(i nearly twice 
as great as that of the deviations of Merciiiy ; and th(% former, if 
estimated by compaiison with the circumliToncc of a circle in 
the heavens, whose centre is at tlic eye of the spectator, would 
appear equal to about oiie-eighth of such circumference. At 
first, indeed, it might have been imagined that the star which 
appears near the sun in the morning is not the same as that 
which is, afterwards, seen near him in the evening; but the 
regularity of the phenomena wc have desexibed must soon have 
led to a conviction of their identity. It is asseilod, however, by 
Pliny ^ that Pythagoras, who learned the fact in Egypt, was the 
first to make it known to the Greeks. 

Hio times in which Iho deviations arc accomplished would he 
found to be variable, and they could not bo estimated precisely 
because of the impossibility of observing the planets when very 
near the sun. But, as the interval between two consecutive 
appearances of Mercury in tbc east at sunrise might be found, 
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nearly, by taking a mean, from several observed times of such 
appearances, to be about 116 days; the time of that planet’s 
continuance on either side of the sun might be estimated at 
about 58 days. By a mean taken from several similar observa- 
tions, Venus might be found to continue on either side of the sun 
about 292 days. 

It must, also, have been observed that the time elapsed be- 
tween the conjunction of either planet with the sun, at nsmg, 
and his greatest subsequent deviation on that side of the 
heavens , or that, between the greatest deviation on the other 
side and the next conjunction with the sun, at setting, is much 
less than the time elapsed between the con]unction and the 
greatest subsequent deviation on the western side, or that 
between the greatest deviation and the following conjunction on 
the eastern side. With respect to the planet Mercury, the former 
time IS about half; and, with respect to Venus, about one-third 
of the latter time. 

Now the observed deviations of these planets from the sun so 
much resemble the apparent movements of a body rev olvmg in a 
circular orbit about a central point, when seen by a spectator 
situated on the exterior of the circumference of such orbit, that it 
IS dilEcult to imagine why the opmion of the revolution of these 
planets about the sun or, at least, about some point in a line 
drawn from the spectator through the sun, was not immediately 
and universally adopted. The only reason, perhaps, that can be 
given for the neglect to draw this simple and natural inference 
from the phenomena, lies in the difficulty which the ancients felt 
m conquering their prejudice in favour of the notion that the 
earth was the most dense body in nature and, consequently, was 
that alone to which all the others would tend to fall if not retained 
by being attached to a material shell concentric with, and en- 
tirely surrounding the earth. It would, indeed, appear from the 
language of Macrobius^ that the ancient Egyptians held the 
opinion that Mercury and Venus moved about the sun , but we 
are quite ignorant in what sense the expression is to be taken, 
and It IS probable that it only refers to the apparent vibration of 
those planets on each side of the luminary. 

* In Somn. Scip. Lib. I. 
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The periodical movements accomplished by the planets Mars, 
Jupiter and Saturn with respect to the sun diifer considciably 
jfrom those just mentioned. The time observ-ed to elapse be- 
tween a conjunction of Mars with the sun and the next following 
opposition , that is, the interval between his appearance near 
the sun at using or setting, and the time at which he is seen to 
rise when the sun sets, or the contraiy, would be found to be 
about 390 days, a nearly equal time would appeal to elapse 
between the opposition and the next following conjunction, and 
the interval between the two following conjunctions or opposi- 
tions of Mars and the sun might be obseived to be about 780 
days. The interval between a conjunction and the next follow- 
ing opposition of Jupiter and the sun might appear to be about 
199 days, of Saturn and the sun, about 189 days; and the 
interval between two conjunctions or two oppositions of Jupiter 
and Saturn would appear to be equal to about 898 days, and 378 
days respectively. 

To the observations o^ the abovementioned synodical geocen- 
tric motions, must be added those of the sidereal geocentiic 
motions of the planets, which consist in marlung the time elapsed 
between two successive conjunctions with, oi near appulses of 
each planet to any fixed stai , these conjunctions could also be 
distinguished, without instruments, with some precision; and 
taking the mean times deduced liom sevcial obseivations of each 
planet, it might be found that Mercury and Venus accomplished 
one revolution in the heavens from any fixed star to the same, 
in about one year, Mars, m 687 days, Jupiter, in 4332|- days; 
and Saturn, in 10759 days. These revolutions a] 3 peai to have 
served as the principal guides in the formation of the eailicst 
systems invented to account for the phenomena of planetaiy 
movement. 

In addition to what has been shewn above, it must be stated 
that all the planets were eaily discovered to be occasionally 
stationary among the fixed stars ; and that, at these times, then 
motions changed from the previous direction to the contiary , 
but the first observations of these phenomena must have been 
very imperfect, and, till instruments were used for ascertaining the 
places of celestial bodies with consideiablc precision, it is pro- 
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bablo that nothing more was known than that the times during 
which the planets appeared to have retrograde movements, or to 
go from east to west, and the spaces described m that direction, 
were much less than the times and arcs of the direct movements. 
These changes in the motions of the planets were, however, 
early considered to be of great importance in the system of the 
universe ; and considerable efforts were then made to detenmne 
them with accuracy. 

As we have shewn that an attentive consideration of the 
movements obscri’-ed in the inferior planets, Venus and Mercury, 
ought to have led to the opinion that the sun and not the earth 
was the cenfre of their revolutions ; and as the apparent move- 
ments of the superior planets. Mars, Jupiter, and Saturn, with 
respect to the sun, consist also in a deviation from, and a 
subsequent approach to that , luminaiy ; this cncumstance, 
together with the opinion, then entertained, of the simplicity of 
nature’s laws, might have indueed the ancient astronomers to 
conclude that the lattei planets i evolved about tlie sun like the 
others, with this difference only, that since they are occasionally 
seen in opposition to the sun, their orbits should mclude the 
earth. An argument of this kmd must have influenced the 
philosophers of the school of Pythagoras who, besides, appear 
to have elevated their minds to the conception of the mobility 
of the earth, and thus, to have amved at a system of the 
universe exhibiting the pnncipal features of that promulgated 
in later times by Copernicus, and we can, with difficulty, 
imagine that a system formed by deductions so easily made, 
could havQ been first brought to light in an age so late as fbat 
of the Samian philosopher. If w'e leave out the hypothesis of 
the earth’s motion, the observed phenomena should have led to 
the invention of a system veiy similar to that of Tycho Brahe, 
and it is not unreasonable to bcheve that this has a claim to an 
antiquity even higher than that of the system ascribed to 
Pythagoras. 

To complete the account of the phenomena which were the 
subjects of the more ancient observations, there remain to be 
mentioned the sudden but temporary depurations of light which 
tlic sun and moon occasionally experience : these, indeed, may 
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have been almost the first appearances which, in the heavens, 
excited the attention of men, and though many persons even then 
might have considered them as effects resulting from the general 
laws of nature, yet the far greater poition of mankind looked 
upon them as objects of terror, as tokens of Divine displeasure, 
and as foreboding the heaviest calamities. 

It can produce in us no surprise that the most fearful emotions 
should have been excited by the first appearance of an eclipse 
of the moon, or sun : at one moment might be seen the fair 
luminary of night, sailing majestically through the skies and 
diffusing the mild radiance of her enlightened orb over the 
terrestrial scene, or her silveiy image reflected from the unrulHcd 
bosom of the waters; and then, while perhaps not a cloud 
appeared, to afford a cause for any change in the aspect of the 
heavens, a dark veil might be perceived gradually extending 
itself over the moon, and reducing her splendid disc, till the 
whole became covered with the mournful shade ; it may, 
therefore, be easily imagined that, during the continuance of 
this obscuration, an untutoied mind ” might be filled with the 
apprehension either that some monster was devouring the fair 
object which used to cheer his nights, or that the vengeance of 
an angry deity was about to buist upon and overwhelm him. 
That such fears weie felt we may be convinced by the effects 
which a lunar eclipse is known to produce in the minds of 
imcivilized people at the present time ; and we cannot wonder 
that, accordingly as men were affected, some should have 
recomrse to such means as they thought capable of driving 
away the devouring monster, while otheis should seek to 
deprecate the dreaded vengeance, by offering sacrifices which 
they might hope would be acceptable, or by humbhng themselves 
in prayer, till, the veil being removed, the queen of heaven 
recovered her wonted brilliancy. 

But if the obscuration of the moon could create such alarms, 
when first observed, we may conclude that those excited by the 
deprivation of the sun’s light, m consequence of a total eclipse 
of that luminary must have been far greater. For while the 
blazing orb was shedding a flood of glory over the face of 
nature there might be seen, witliout any perceptible cause, an 
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indentation made on some part of fhe margin of his disc, as if 
a portion was cut out ; and this would gradually increase in size 
till the whole body of the sun became invisible: it may be 
conceived that then, the most gloomy apprehensions might take 
possession of the human mind, since even the brute creation 
seems, on the occurrence of this phenomenon, conscious of some 
interruption of the usual course of nature. A total darkness 
succeeds to the splendour which a short time before adorned the 
face of the earth , the stars make their appearance ; a sense of 
coldness prevails instead of a feivent heat, the beasts seek 
their retreats ; the feathered tribes which during the day enchant 
the ear by the harmony of their notes, give place to the birds of 
night, and it might seem that the next event to be expected by 
trembling mortals is, that they shall be involved in the destruction 
which seems to impend over the eaith itself. But after a few 
minutes the sun again appears and his light clothes the fields 
with new glories. At first a golden thread is seen which, by 
degrees, increases in size till, after some hours, the orb attains 
the same circular form which it before possessed ; it then finishes 
its daily course through the firmament and all the phenomena 
of nature are again repeated in their accustomed order. 

Though total eclipses of the sun seldom happen, yet any 
partial deprivation of his light must have seriously affected the 
minds of those who first witnessed it , and though the repetition 
of an eclipse may have been observed with diminished appre- 
hensions of immediate danger, yet the calamities to 'which the 
human race is subject are so numerous that eclipses would 
unavoidably coincide with the occuiTences of many disasters, 
and a connection might easily be conceived to exist between 
the celestial phenomena and those evils, so that the, former 
might, before the laws of nature were well understood, be taken 
as presages of the latter. It is, therefore, to be expected that 
such appearances should be regarded with fear and wonder; 
and, accordingly, history relates several remarkable effects which 
have been produced in consequence of the surprise or teixor 
they excited in the minds of ill infonned and superstitious men. 
Thus the solar eclipse which had been predicted by Thales was 
the cause of a peace between the Modes and Lydians at the 

F 2 



68 


THE PBINCIPAL PHENOMENA OF THE 


[chap. 


moment when the armies of the two nations were drawn up 
against each other, and were prepared to mix in deadly strife : 
and the lunar echpsc which happened during the expedition of 
the Athenians to Sicily induced the Grecian general, from 
religious motives, to delay his retreat from Syracuse till it was 
too late to save his army 

The solar eclipses occurring within the few days which 
elapse between the disappearance of the moon m the east, near 
the time of sun-rise, and her reappearance in the west, soon 
after sun-set, must have presently led to the opinion that the 
deprivation of the light of the sun was caused by the intervention 
of the moon ; it being easy to conceive that, in this interval, at 
the commencement of which she was seen to be approaching 
the sun and at the end of which she was receding from him, she 
might pass between the sun and earth, and thus produce an 
eclipse of the solar light. The lunar eclipses, also, occurring at 
the times of full moon, when this celestial body is, with respect 
to the earth, diametncally opposed to the sun, must have been, 
by the more attentive observers of nature, from the first, ascribed 
to the passage of the moon through the shadow cast by the 
earth , and such explanations do, in fact, occur in almost every 
ancient writing containing descriptions of astronomical phe- 
nomena. Luna autem, quae est, ut ostendunt mathcmatici, 
major quam dimidia pars terrae, lisdem spatiis vagatur, quibus 
sol: sed turn congrediens cum sole, turn digrediens, et earn 
lucem quam a sole acccpit, mittit in terras et varias ipsa 
mutationes lucis habet : atque etiam turn subjecta atque opposita 
soli, radios ejus et lumen obscurat; turn ipsa incidens in 
umbram tcirae cum est e regione solis interposita mteijectuque 
terras, repente deficit 

But the opinions of the ancients concerning the nature of 
eclipses of the moon do not appear to have been completely 
fixed till about the time of Aristotle. Diogenes Laertius ^ has 
asserted that the Egyptians were aware of the fact that the moon 
IS echpsed by passmg through the earth’s shadow, and Diodorus 
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Siculus observes that the Chaldeans agree with the Greeks in 
asciibing the phenomenon to the same cause ; but it is probable 
that these assertions only apply to the people who lived in or 
near the age of those writers ; for though Pythagoras, as both 
Laertius and Plutarch assert^, knew that the moon received 
her light from the sun, and that she was echpsed when that 
light was intercepted by the earth, yet the latter, in his life of 
Nicias, states that the reason why the Athenians exiled Pio- 
tagoras and imprisoned Anaxagoras, both of whom attributed 
the eclipses of the moon to the earth’s shadow, was, that they 
considered it impious to suppose a celestial and divine body, 
like the moon, capable of being aifected by this less noble part 
of the universe ; a proof that, whatever might have been the 
judgments foimed by the learned in those days concerning the 
celestial phenomena, they were unsupported by argument, or at 
least, that the reasons were unheeded or ill understood by the 
generality of the people : even the opinion that the moon 
receives her light from the sun does not appear to have been 
universally acknowledged, though the variations of her apparent 
form would seem to prove the fact to any one who should 
observe those variations with the least attention; and we shall find 
that there were some who, like the ancient Hindus % thought it 
necessary to suppose the existence of an eighth planet in order 
to account for the occurrence of eclipses. The obscuration of 
the moon at a time when both the luminaries are above the 
horizon, on opposite sides of the spectatoi, is a phenomenon 
which has been occasionally observed, and we find mention 
made of eclipses m such circumstances by Pliny, in his Natural 
History^. Now it is impossible to doubt that they were 
obseived long before his days and, as they must have been 
thought to militate against the notion that eclipses of the moon 
were always caused by the shadow of the earth, they may have 
tended for a long time to produce that embarrassment m the 
minds of men concerning the cause of eclipses, which prevented 
the opinions of philosophers, however reasonable, from being 
generally admitted. Subsequently, the particular phenomenon 

Bihl Hist. Lib IT. Bibl. Lib. VIII. De Placitis Philos 

® Asiatic Kesoarches, Vol. XII. ^ Lib. II cap. 10. 
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above mentioned received an explanation which is nearly correct; 

for Uooincdes, speaking of an eclipse of tins nature which was 
said to have at one time occuned , though he seems to consider 
the fact doubtful, yet admits the possibility that the sun or 
moon, when imdcr die horizon, may appear to us to be above , 
siuct there may be found, he says, to proceed the eye^ rays 
<>f light, which being broken in the humid atmospheie may 
folhw the luminary and cause it to be seen; adding that many 
sucli phciiometia may be observed, particularly on or near the 
to illustrate Ins meaning he states, and the experiment 
may Ihj considered as the first of which any account has been 
triiusmitted to us concerning the lefraction of light, that if, m an 
empty vase, a ling of gold be put, in such a situation as to be 
conceahid from the spectatoi, the same will become visible on 
filling the vase with water \ From the time of this writer we 
heal but of one opinion concerning the general cause of the 
eclipsoH of the sun and moon. 

I he ])henonicna just mentioned have always been thought 
worthy of the most attentive observation; and probably, from 
tho first ag(vs, they wcic rcgistcicd as historical events We 
h'urn that such registers were actually kept by the Chaldeans 
and it cannot ho doubted that, by a comparison of the times at 
which the cclij^sc^s happened, certain cycles oi periods of their 
rc*,eurrciico were discovered by which they might he foretold. 
The occuliatioii of stars or planets by the moon, or even the 
approach of the moon or of a planet to any star, would also be a 
plienommion likely to excite the notice of the most ancient 
obscTvers, not only from tho rarity of its occurrence, but also, 
liecause it would afford the best means known, before instruments 
Wctrci iuvcntcjd, of ascertaining the precise paths of the moon and 
planets in their revolutions through the heavens. 

Himplicius, in his Commentary on the second book of Aristotle’s 
work J)e Ccjolo, relates, on the authority of Porphyry, that after 
tho compiest of Babylon by Alexander, Callisthenes sent to 
Aristotle a catalogue of eclipses said to have been observed at 
piat place during a period of 1903 years pieviously; and this 
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probably, the fruit of the labours carried on under the 
direction of the College of Priests attached to the temple of 
J^olus from the epoch of its establishment. The catalogue must 
have been long since lost, but Ptolemy makes mention of six 
Chaldean eclipses which seem to have been taken from it, and 
he employs them in his astronomical woik for the purpose of 
correcting the tables of the moon’s mean motions , the oldest of 
these, however, are said by him to have been observed as late 
as the years 720 and 719 Before Christ, and La Place ^ icmarks 
that if he had possessed any of more ancient date, on whose 
pi'ocision he could rely, he would, certainly, have used them in 
chitermining those elements. As Ptolemy does not expressly 
mention that catalogue some doubts have been entertained of 
the reality of its existence ; but the silence of the Alexandiian 
astronomer cannot be considered as of any weight in disproving 
the fact ; for, not to mention the argument before diawn from 
the probable value of the period of 720,000 ycais mentioned by 
bijiigenes, we shall find, m speaking of the astronomy of the 
Oreeks, that the elements of the solar and lunar motions had 
been ascertained with great ])rccision long before any observations 
arc known to have been made by that people; and we shall, 
consequently, be compelled to admit that they must have been 
obtained from mateiials collected by persons who cultivated the 
wcience while it was yet unknown m Europe, and thciefore, with 
very great probability, from registers which had been kept by 
the Chaldeans oi Egyptians. From a passage in Diodorus 
Biculus^, it appears that the explanation given by the former of 
these people, of the eclipses of the sun, was so defective, 
pei'haps from their ignoiancc of the parallaxes, that they had it 
not in their power to predict them ; but, as he contrasts the 
imperfection of theif science m this respect with theii knowledge 
of the lunar eclipses, it is reasonable to infer that they had 
methods of determining, by computation, the times at which 
the latter would occur, and weic enabled to announce them 
before hand with some degree of certainty. 

From the use which, by the ancient Greek astronomers, was 
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made of the eclipses of the sun and moon, supposed to have 
been recorded in the Chaldean registers, it is highly probable 
that the latter contained notices of the times of occurrence ; the 
extent of the obscuration ; whether the shadow was central or 
appeared on the upper or lower hmb of the disc ; the duration 
ot the dartuess, and the place of the moon by her being in the 
neighbourhood of some remarkable star. But, from the manner 
in which Ptolemy describes those he has employed, it is not 
hkely that the observations were made any otherwise than by 
the naked eye , for, m speaking of the quantity, he merely says 
that one half or one third of the moon’s diameter was echpsed ; 
the distance of the moon from a star is expressed m semidiameteis 
of the former, and the time is given in hours and fractions not 
less than a quarter. Aristotle mentions'* an occultation of Mars 
by the moon, saymg the planet entered upCn the obscure, and 
emerged from the lucid side ; and he informs us, in the same 
place, that like observations had been made by the Egyptians 
and Babylonians who, he goes on to observe, had for many 
years apphed themselves to tlie study of the heavens, and from 
whom they, the Greeks, had received many important com- 
munications concerning the celestial phenomena. Simplicius 
also, in his commentaiy on the fii'st book, relates that the 
Egyptians and Babylonians pietend to have collected observ- 
ations on the stars for not less than five thousand years before 
his time, but he admits that the collection did not contani any 
thing more than was then well known concerning their mag- 
nitudes, colours or motions. In fact, the most ancient observ- 
ation, now on record, of a planet is an occultation of Saturn 
which IS said by Ptolemy’’ to have been made in the year 228 
befoie Chnst : though we cannot doubt that many such observ- 
ations, made in times far more remote, must have once existed. 

The greatest elevation which the moon is found to attain, 
above the horizon, may be observed to exceed the greatest 
elevation of the sun, and her least elevation to be less than the 
least of his , hence a sagacious observer might conclude that the 
path of the moon in her monthly circuit of the heavens was 
obhque to that of the sun in his annual revolution, crossing it m 
• Dp Ccelo, Iiib. II Cap. 12 >> Almagest, Lib. XI. 
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two points which are denominated the nodes of her orbit : and 
the situations of these two points might be ascertamed, approxi- 
matively, by observing the stars which happen to be near the 
moon at a time when she is centrally eclipsed, and the place of 
the sun at his next following* eclipse , for the sun, moon, and 
earth bemg in the same right line in both these cases, the two 
former must be at the intersection of each other’s paths ; and 
these intersections, or nodes, would be found to be diametrically 
opposed to each other in the heavens. The places of the 
planets compared with those of the moon when in their neigh- 
bourhood can be conceived to have alForded the means of dis- 
tinguishing the positions of their apparent paths, and it would 
be found that they all keep within a small extent, in latitude, on 
either side of the circle repiesenting the sun’s annual path ; and, 
in fact, the breadth assigned to the zodiacal constellations com- 
prehends the traces of all the circles which the planets appear 
to describe in the celestial sphere. 

It must have been impossible, without instruments for 
measuring the extent of celestial arcs, to have ascertamed, 
directly, that the moon describes her monthly circuit m the 
heavens with a variable velocity ; yet a register of the phenomena 
of solar and lunar eclipses, kept during a long time, may have 
led the ancient astronomeis to a knowledge of this fact, and, 
indeed, the notices which, at an early period of astronomical 
history, are given of the places where the moon’s motion is the 
slowest and the quickest, shew that this important element had 
not escaped observation. By consulting such a register it 
might easily be perceived that, in the central or total echpses, 
the duration of the passage of the moon over the sun, or of the 
shadow over the moon, was variable ; and consequently that the 
velocity of the latter, herself, was also variable. Then, if the 
places of the moon, taken when the duration of the eclipse was 
the longest and the shortest, were compared, it might be found 
that they were nearly diametiically opposed to each other intlie 
heavens , a line supposed to jom those points is that which was, 
afterwards, denotnmated the line of the apsides, and its position 
might have been, thus, ascertamed. The opinion that the real 
velocity of any celestial body was uniform, being universally 
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entertained among the ancients ; when the eccentricity of the 
moon’s orbit became a received hypothesis, it was concluded that 
the apparent vanation of her velocity depended on her different 
distances from the earth : hence the points of least and greatest 
velocity of the luminary were supposed to coincide with Uiose 
of her greatest and least distances, rcspcctivc'ly, of which the 
former was denommated the apogeum, and the latter, the 
pengeum. The like points in the circumference of any eccen- 
tiic circle or orbit were, also, so called ; and tlui migular dis- 
tance of the moon or of a planet from cither, when seen from the 
eaith, was called the anomaly. 

To conclude our account of tlic state of astronomy among the 
Chaldeans we may observe tliat this people appear to have 
noticed from the earliest times some of the conu'ts , those re- 
markable strangers which so frequently come within sight of the 
inliabitants of the earth ; but the notions entertained concerning 
them are only to be learned from what has been rdated by 
Seneca. This philosopher" after remarking that neither Kudoxns 
nor Conon, both of whom, he says, had diligently studied tho 
astioiiomy of the Egyptians and had collected sucdi accounts of 
eclipses as had been preserved by that i)eo])lo, makes any 
mention of comets, concludes, from thence, that tlui I'lgyptians 
had not cultivated that part of astronomy which ndates to tludr 
appearances; and then goes on to state that lliero were two 
persons, Epigenes and Apollonius of Myiidns, who had studied 
among the Chaldeans, and who do speak of comets, though tluy 
dilFer in the accounts they give of the opinions of that people 
concerning them, the former alleging that tlu^y were con.sidered 
as bodies kindled in the air, and the latter, tliat they were of the 
number of planets or wandering stars. This last opinion 
coincides remarkably with that which is now universally ad- 
xmttcd by astronomers, and, though it could hardly have heim 
expected hom the people of that early age, yet it is not im- 
possible that an attentive observer imght have been led to fonn 
such an hypothesis from a contemplation of the apiiaxrmt motions 
of those bodies which, in some respects, rcserahlc the motions 
of the planets. But when Apollomus asserts that tluj Chaldeans 
» Nat. Quasst, Lib. II L eap. 7. 
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Itnewtlie comses of tlie comets, and Diodorus Siculus^, that the 
same people could foretel their nsmgs, or the times when they 
would become visible, it is evident that they go too far, smce, 
except in a few cases, this is more than can be done by the 
mathematicians of the present day. 

It is remai liable that there is not a word in Ptolemy concern- 
ing comets ; and this silence makes it probable that, whatever 
notions the Chaldeans may have formed of them, no account of 
any observation made by that people to determine their elements, 
was m existence m the time of that astronomer. But the 
philosophers of the Greek schools, whose chief talent lay in 
reasoning concerning the probable causes of natural phenomena, 
do not seem to have neglected the formation of hypotheses 
relating to the nature of those bodies , for Aiistotle asserts^ that 
Anaxagoras and Democntus considered the comets to be pro- 
duced by the conjunctions of many stars or planets in clusteis ; 
and Seneca infoims us ^ that Zeno maintained the same opinion; 
an idea which is not unnatuial, since the body of a comet 
fiequently bears a resemblance to some of the nebulous spots in 
the heavens, and these have, by modern astronomers, been con- 
ceived to be formed by an attraction of vast numbers of stars 
towards the centie of the mass. 

But it seems that the opinion of Zeno was contested by some 
of the philosopheVs of that day who alleged that the known 
planets were not sufficient in number to constitute all the comets 
which had been seen , this engages Artemidorus to assert'^, in 
support of the ancient opinion, and in accordance with an idea 
attributed to Democntus, that the number of planets was un- 
known, and that there may be an infinity of them which, on 
account of the positions of their circles [orbits] become ap-» 
parent to us, only while they are describing a certain part of 
their course ; a conception which, if understood of the comets 
themselves, is very creditable to the sagacity of that philosopher, 
however he may have merited the censure of Seneca for his 
notions concerning the constitution of the universe. That the 
sentiments of some of the ancients regarding comets were much 

® Bibl. Ilist Lib. IT ^ Meteoi. cap XVI 

Nat. Quffibt. Lib Yll, cap. 13. Seneca, ubi sup. 



76 


THE PRINCIPAL PHENOMENA OF THE SUN, ETC. [CHAP. 

more rational than those subsequently entertained may be 
inferred from a passage in Aristotle" where it is said that the 
Pythagoreans held a comet to be nothing more than a planet, 
which reappears after a long interval, and which, at the vertex 
of the curve it describes, approaches as near the sun as is the 
planef Mercury : Olympiodorus, on the other hand, in his scholia 
on the work above quoted, at nearly one thousand years after the 
time of Pythagoras, considering a comet as the origin of the 
Fable of Phaeton, observes that this personage is said to be the 
offspring of the sun. because a comet is a sublunary body con- 
sisting of dry vapours set on fire by that luminary ; his driving 
through the heavens in the chariot of the sun is made an emblem 
of the [diurnal] motion of a comet, and his destruction by 
Jupiter is supposed to indicate that a comet is ultimately ex- 
tinguished by the moist vapours of the earth. In the writings 
of the ancients we find no hint, and this circumstance is worthy 
of observation, that these strange visitants then inspired any of 
the terror with which, firom an opinion that they were the 
harbingers of evil to the human race, they were viewed by the 
eye of superstition. The opmion w’as extensively entertained 
in Europe before the revival of sound philosophy , but, happily, 
it has now passed away with many other dreams of ignoiance ; 
and the discovenes of Halley and Newton have shewn that 
comets are of the same nature, and subject to the same laws, as 
the other planetary bodies of the system to which we belong. 

• Meteor. Lib. I. 
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CHAPTER V. 

DIVISIONS OF THE CELESTIAL SPHERE. 

The ancient manner of estimating the visible distances of the stars from 
each other, and the visible diameter of the sun. — Manner of dividing the 
ecliptic. — The lunar mansions.— Determination of the colures. — The extent 
of the sun’s movement northward and southward. — Manner of dividing the 
circumference of a circle — The circles of the celestial sphere imagined. — 
Division of the year into months and weeks. — Division of the day into 
hours.— Difference between the temporary and equinoctial hours. — Ad- 
vantages of reducing astronomical phenomena to a system. — The hypothesis 
of material spheres. — The planetary orbits supposed to be circular and 
eccentric. — Ignorance of the ancients respecting the distances of the planets 
from the earth. 

In estimating by the eye the small distances of stars or planets 
from each other, and from the moon at the times of tho 
appulses, the ancient astronomers, besides comparing those dis- 
tances with the visible diameter of the moon, referred sometimes 
to the measures of length in ordinary use , thus Aratus, wanting 
to express the distance of a certain star from the nebula in 
Cancer, says it is about equal to a pygon, or cubit Now this 
distance, as is observed by Delambre, is known to be equal to 
20 ' ; therefore what was called a cubit in the heavens may be 
considered as equivalent to that quantity. This mode of de- 
signating such spaces appears to have been occasionally em- 
ployed even after instruments were invented, at least where 
great accuracy was not attempted, for wc find the same ex- 
pression in the works of the Arabian writers of the middle 
ages. 

Macrobius, in his commentary on the Dream of Scipio*^, ex- 
plains a method supposed to have been used by the Egyptians 
for measuring the angular diameter of the sun, which, from its 
simplicity, is likely to have been very early put in practice : he 
says they observed on the day of the equinox the direction 
assumed by the shadow of the gnomon of an equatorial dial at 

Lib. I. cap. 20. 
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the moment the upper edge of the sun appeared above the 
honzon, and again its direction when the lower edge became 
visible , then, the angle between these lines, which is that sub- 
tended by the diameter of the sun, since the apparent diurnal 
movement of the luminary is then in the plane of the equator, 
being compared with the angle made by two shadows of the 
gnomon at an interval of one hour [15 degrees], gave the 
measure of the sun’s visible diameter. The method is, however, 
very defective because of the errors produced by refraction , the 
faintness of the shadow cast when the sun is in the plane of the 
dial, and the obliquity with which the sun ascends above the 
horizon ; therefore it is not wonderful that the Egyptians should 
have made the diameter, by such means, three times as great as 
it really is. According to Cleomedes®, they succeeded better 
with the clepsydra, which he says they employed in the 
following manner : on the day of the eqmnox they measured the 
quantity of water which flowed during the rising of the sun’s 
disc and compared it with that which flowed during a whole 
day ; and the proportion of the latter to the former was con- 
sidered the same as that of the ciicumfeience of a circle to the 
arc which subtends the angular diametei of the sun. The first 
quantity of water is said to have been between v^th and yj-g-th 
of the other, and, dividing 360 degiees by these denominators, 
we find that the corresponding measures of the visible diameter 
of the sun are equal to 30' 52^^ and 28' 48", which are very near 
the truth, considering the means employed to determine them. 
The possibility of ascertaining with so much precision the pro- 
poition between the quantities of water flowing irom the 
machine is, however, doubtful , though it is probable that the 
method above desciibed is the only one which would be em- 
ployed before instruments for the direct measurement of the 
sun’s diameter were invented ; and we have no account of any 
instrument for the latter purpose earlier than the time of 
Archimedes 

Of the magnitudes of the celestial bodies it can hardly be 
expected that any thing like an approximation to the truth 
should have been obtained in the times of which we are speak- 
® De Mundo, Lib. II. cap. 1 
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ing. Plato, in the EpinomiSy makes one of the speakers state 
that the planets had been demonstrated to be of vast size ; from 
which, and from the times they employ in performing their re- 
volutions, he takes occasion to infer that the Deity is the cause 
of their motions : Lucretius, on the other hand, in the true spmt 
of scepticism, and because the determinations of the ancients are 
uncertain, asserts that the heavenly bodies are, in reality, no 
larger than they appear, to the eye, to be. A method which 
cannot but appear to us as singularly absurd is proposed by 
Clcomedes® for ascertaining the diameter of the sun, and con- 
sists in making a horse run upon a level plane from the moment 
the upper limb of the sun appears m the honzon till the whole 
disc is above it; the space the horse is supposed to desenbe in 
that time is estimated at ten stadia, and it is inferred, (which, 
however, implies that the sun is in contact with the earth,) that, 
if the motion of the earth were equal to that of the horse, the 
diameter of the sun would be equal to ten stadia It is further 
stated, but we know not on what ground, that the Egyptians 
considered the diameter of Saturn to be double that of the 
moon, and the diameter of the sun to behalf the sum of the other 
two diameters. 

The necessity of indicating the paths of the sun, moon and 
planets must have led very early to an effort at dividing the 
zone or band of the heavens, within which their movements are 
performed, into a certain number of equal parts, in order to as- 
sign the places of those bodies, at any given time, with more 
precision than could be obtained by simply naming the con- 
stellation they then occupied ; this must have been a work of 
great difficulty before instruments for measuring angles were 
invented, but we have proofs that the Chaldeans, Egyptians 
and Hindus had attempted so to divide that zone ; and, from a 
coincidence in the nature of the divisions, if we leavb out the 
improbable statement of Servius that the Chaldeans divided the 
zodiac into eleven parts, it appears that the principle which 
guided all these people was the same. Sextus Empiricus as- 
serts, in his treatise Adversm Mathemat.^, that the Chaldeans 


^ In loco citato- 


^ Cap. 21. 
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divided the zodiac into twelve parts by means of a clepsydra, in 
the following manner; they measured the quantity of water 
which flowed ftom the machine in the interval between two 
successive risings of some one star situated in or near the 
ecliptic ; then, at the rising of the same star on any subsequent 
night, they unclosed the orifice, and the zodiacal star which 
appeared m the horizon when one-twelfth of the water had run 
off*, indicated that one complete sign had risen ; and, this oper- 
ation being repeated, the particular stars which terminate each 
of the twelve divisions were found. But to avoid the errors 
arising from the irregular flowing of the water from the clep- 
sydra, the following method of approximating to an equal di- 
vision of the zodiac has been proposed, and it is conceivable 
that it may have been put in practice by an ingenious people in 
the infancy of science. About an hour after sun-set, on any 
day, let a star be observed in the horizon near the place where 
the sun has disappeared ; and if, at the same moment, a star 
should appear to be rismg at a point in the horizon diame- 
tncally opposite to that occupied by the other star, these two 
stars will be in or near the echptic. Then, in about tliirty days 
from this time, that is at the end of about one-twelfth part of 
the year, let the hke phenomena be observed for two other stars ; 
md the interval between the two which set near the sun, or be- 
tween those which were ascending on the opposite side of the 
horizon, will be equal to about one-twelfth part of the circum- 
ference of the zodiac in the heavens ; consequently it will foim 
one of the signs or dodecatemories, and in the same manner all 
of them may be detemomed. Without denying that a division 
of the zodiac was early made by the Chaldeans according to 
one or the other of these methods,, it is evident that the portions 
could not have been equal, as were the signs into which that 
circle was subsequently, and still is, divided ; for, besides the 
various causes of error which afiect the places of celestial bodies 
near the horizon, on account of the ohhqmty of the axis of the 
zodiac to that of the apparent diumal motion of -the sphere of 
the stars, unequal portions of the zodiac ascend above the ho- 
rizon in equal times, and those portions are variable in the dif- 
ferent seasons of the yearj consequently the supposed division 
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into equal spaces could only have been 'deduced from the arcs 
Mdiich rise m equal times by calculations of which no traces 
appear in any account we have of the learning of that ancient 
people. It is probable that, originally, the divisions of the 
ecliptic were estimated by the eye and made about the same 
length that the zodiacal constellations appealed to occupy in 
the heavens ; even after the dodecatemories were used in astro- 
nomical woiks, the ^unequal divisions were still paitially re- 
tained ; for Hipparchus, m the second book of the commentary 
on Aiatus, makes the extent of Cancer equal to about ten degrees, 
only, while some of the others exceed thirty, and Ptolemy gives 
but twenty degrees to Aries while about thirty -nine are included 
m Tamils. 

Now if the star which set near the suif s path and about an 
hour after him had been observed so to set on the day of the 
summer solstice, and if a star had been, in like manner, observed 
about tlmty days pieviously; then the whole dodecatemory be- 
tween those stars becoming visible six months afterwards, that 
is at the time of the winter solstice, by its rising at sun-set on 
the opposite side of the honzon, if a circle were conceived to be 
traced, in the heavens, between the poles of the earth and any 
remarkable star which might present itself in the middle of that 
arc of the ecliptic; this circle would be the solsticial colure, and 
the star last mentioned might seivc to recognize it in the ce- 
lestitd sphcie. The position of the equinoctial colure, w^hose 
plane is at light angles to the former, might bo determined in a 
similar manner. The colures would thus pass through the 
middle of the dodecatemones, and it appears that such were 
the situations assigned them by the Chaldeans and Egyptians : 
the same disposition of the colures was adopted by Eudoxus, 
probably from these people, and it prevailed among the Greeks 
till Hipparchus introduced the practice, which has ever smee 
continued, of placing the colures at the commencement of the 
signs, and reckoning the longitudes of stars from tne place of 
the vernal equinox. The equator and all circles parallel to it, 
which arc cut by the horizon, might, in the infancy of astro- 
nomy, bo divided into signs, or arcs of thirty degrees, by ob- 
serving what stars rose or set at the end of equal intervals of 

G 
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time, measured by a clepsydra or otherwise; the division of 
these circles not presenting the same difficulties as that of the 
ecliptic, because their planes are peipendicular to the axis of 
the earth’s daily revolution, and, therefore, equal arcs ascend 
above the honzon in equal times. 

The methods which served for determining the dodecate- 
mones might have been employed to divide the zodiac into 
twenty-eight parts; a division which appeals to have been early 
perfoimed in order, probably, to exhibit the extent of the 
moon’s daily motion from west to east. The spaces were de- 
nominated the lunar mansions, and they, subsequently, acquired 
impoitance from an opinion, maintained by astrologers, that the 
particular influences exercised by the moon on terrestrial ob- 
jects, at any given time, depended upon the mansion she then 
occupied. This division of the ecliptic appears to have origin- 
ated with the Egyptians, but it was, afterwards, adopted by the 
Arabians, Persians, Chinese and Hindus , there is no proof that 
it was in use among the ancient Chaldeans, and some of the 
Hindus differ frrom all the other people in reckoning twenty- 
seven divisions instead of twenty-eight The Egyptians and 
Plindus also, for astrological purposes, divided each sign of the 
ecliptic into three equal parts, or Decam, so called because they 
contained ten degrees each, and the latter allotted to each part a 
regent exercising an influence in subordination to the particular 
plane| which he there represented ^ 

The commencement of the dodecatemories and that of the 
lunar mansions are believed to have been, originally, coincident, 
and the Egyptians are supposed to have placed their common 
origin on the circle of celestial longitude passing through the 
star Regulus, probably because, when they chose the summer 
solstice for the commencement of one division of their agri- 
cultural year, that star was nearly in conjunction with the sun. 
If we suppose the heliacal rising of Sinus to have taken place 
precisely on the day of the summer solstice, the epoch of the 
phenomenon will be found by computation to have been either 
2500, or 3000 ycais before the commencement of our eia, ac- 


* Bailly, Astron. Anc Eclaiiciss. Liv. IX. sect. 24. 
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cording as we suppose the star to be distant in longitude 10 or 
15 degiees, respectively, from the sun when it first, in Egypt, 
becomes disengaged from the rays of that luminary before his 
nsing At the former of these epochs, the longitude of Regulus 
was 86|- degrees, and at the latter, 80j degrees ; consequently 
the star must, at either epoch, have been situated within a few 
degrees of the solstitial colure. Now the four intersections of 
the colures with the ecliptic taking place at the beginning of 
the first, seventh, fourteenth and twenty-first lunai mansions, it 
will follow that, in the age just mentioned, the circles of longi- 
tude passing through the two extremities of each of those four 
mansions respectively, passed also near the four principal fixed 
stars Regulus, Antares, Fomalhaut and Aldcbaran- a disposition 
likely enough to have excited attention, and wdneh probably 
had some influence in determining the number of the man- 
sions. 

Since the first considerable star in the constellation Anes 
(now marked 7,) has less longitude than Regulus by about 
116"^ 30', it must have happened that, at the time of the sup- 
posed invention of the lunar mansions, the circle of longitude 
passing through the former star coincided with the commence- 
ment of the nineteenth lunar mansion ; and an opinion has been 
advanced, unsupported indeed by direct evidence, yet never- 
theless, not destitute of probability, that when, by the retro - 
gradation of the equinoctial points, the equinoctial colure passed 
through the same star, which was about the year 390 Before 
Christ, the commencement of the year was, by the Greeks and 
Asiatics, changed from the epoch of the summer solstice to that 
of the vernal equinox ; a circumstance which did not prevent 
the ongins of the dodecatemories and lunar mansions from being 
still coincident. In the second volume of the Asiatic Re- 
searches is contained an Essay by Sir William Jones, shewing 
that the ancient Hindus divided the zodiac into twenty-seven 
Nak-chatras or lunar mansions, of which the first includes the 
three stars in the head of Aries ; and consequently, is coincident 
with the first of the zodiacal signs : and, in the ninth volume, is 
a dissertation by Mr. Colebrook, in which the writer endea- 
vours to prove that these Nak-chatras coincide with the lunar 

o 2 
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mansions of the Arabs, as they are described by Uliig Beg. 
Mr. Bentley, m the eighth volume, states that the Hindus as- 
cribe the invention of this division of the ecliptic to Dacsha, 
who, like Atlas in the Gieek mythology, is said to have been a 
grandson of the daughter of the Ocean a ciiciimstance which 
gives some force to the opinion that the Hindu astronomy was 
derived from Greece or Egypt M Bailly obseives that though 
the number of the lunar mansions, according to the Hindus, is 
less by one than that assigned by the Egyptians and other 
people , yet, as the former subdivided each of the twenty-seven 
mansions into four parts, and the Egyptians subdivided each of 
the twelve zodiacal signs into nine parts, the whole number of 
divisions is the same, according to both people , which may 
fiuther serve to strengthen the opinion that the astronomies of 
India and Egypt had a common ongin. 

Hitheito we have described merely the apparent intersections 
of the planes of the equator and ecliptic in the heavens, and 
shewn how the primitive divisions of these cncles were esti- 
mated • we have now to mention the -steps by which the po- 
sitions of the principal circles of the sphcie weie determined; 
the manner of expressing the measure of any portion of their 
circumfoiences, and the means of ascertaining with precision 
the values of any angular distances between the apparent places 
of the celestial bodies. 

A very slight knowledge of geometry wmuld suffice to shew 
the extent, from north to south, of the sun’s annual path in the 
heavens. The length of the gnomon, and that of its shadow, 
form two sides of a right angled tiiangle from which the value 
of the angle at the vertex, between the gnomon itself and the 
ray passing from its summit to the extremity of the shadow, 
might be determined by a graphical construction according to a 
method which appears to have been used by Archimedes, and 
probably was that by which such measurements were first 
made , that is, by taking with compasses the chord of the arc 
subtending the angle, and finding how often it could be in- 
^enbed in the ciiciimfercnce of the whole circle The differ- 
ence between the two angles taken on the days when the sim’^ 
shadow was the greatest and the least, which is the measure of 
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the slinks annual movement from south to north in the heavens, 
might thus be found equal to about onc-eighth of the ciicum- 
ference of a circle of the sphere , and this, indeed appears to 
have been the result onginally obtained. But the method of 
estimating the value of an angle by a fractional part of the 
whole circumference of a circle seems caily to have given place 
to one more accuiate ; which was to considei the circumference 
of a circle as divided into a certain number of equal paits or 
degrees, 360 for example, and to ascertain the number of those 
degrees which were contained m the arc subtending the angle : 
according to this method the diflerence of the angles made by 
the rays, with the gnomon, would be found to be equal to about 
forty-seven degrees , and the inclination of the* planes of the 
ecliptic and equator, which is equal to half that quantity, would 
be about 23° 30'. 

The division of the circumference of a circle into 360 parts, 
or degrees, may be almost considei cd as universal among ma- 
thematicians, and it IS probable enough that, when fiom the 
first and rudest obseivations, the length of the year appeared to 
be equal to 360 days, the division of the ciicle into as many 
degrees was immediately adopted on account of the convenience 
of expressing the daily movement of the sun in longitude by 
one of those degrees : after a moie correct length of the year 
had been asccitained, a perception of the advantages of that 
division, arising from tlie many simple divisors contained in 
the number 360 (which rendered it possible to express vanoiis 
arcs by a ccitain number of degrees without fiactions) caused 
it, with a sexagesimal subdivision, to be retained, and it has 
ever since continued in use. The great political revolution which 
took place in France near the end of the eighteenth century 
brought forth, indeed, a new graduation of the circle, in which 
each quadrant is divided into 100 parts and each part is deci- 
mally subdivided , but, howevei advantageous tins method may 
be, it has only yet been able to obtain a very partial adoption 

It appears from a treatise of Proclus ^ that on some occasions 
the ancients expressed the values of arcs or angles by niunbeis 
founded on a division of the circumference of a circle into sixty 
® I)e Sphflera, sect. IX. 
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parts, and Eudoxus is said to have used that mode of expres- 
sion ; agreeably to which Proclus makes the distance from the 
pole of the woild to the northern point of the horizon equal to 
six parts (zzSG®); which is equal to the latitude of Rhodes, the 
distance of the pole fi'om the point of summer solstice he makes 
equal to five parts (30°), and the distance of the equator from 
either tropic, or the obliquity of the ecliptic, equal to four parts 
(24°) It is probable, however, that such numbers were often 
employed merely as reductions of tlie proportions of aixs of 
circles to their lowest terms. The Chmese have firom the ear- 
liest period of their history divided the circumference of each 
great circle of the sphere into 365 equal parts, so that the daily- 
motion of the sun irom west to east is nearly equal to one of 
their degrees ; which shews, at the same time, the reason of 
using that graduation, and that when astronomy was first cul- 
tivated in their country, the length of the year was known to be 
equal to that number of days. 

The circle which limits the view of the spectator on the earth’s 
surface, having its plane extended every way to the celestial 
sphere, was doubtless the first of those which were imagined to 
be described m the heavens, for the purpose of designating the 
places of the fixed stars and planets, though it is remarkable 
that the term horizon, which is applied to that circle, occurs 
only for the first time m an astronomical work written by the 
celebrated Euclid. The position of the north point of the ho- 
rizon, and the direction of the meiidian, must have been imme- 
diately determined, and this could be done with tolerable accu- 
racy by a method which has been stated above a line passing 
through the place of the observer, at right angles to the meri- 
dian, would cut the horizon in the east and west points , and 
■the diurnal path of any star, which might be observed to rise in 
the former and set in the latter of those points, would seive to 
indicate the position of the equator in the heavens , then, as 
soon as means were obtained of taking the elevation of n ce- 
lestial body above the horizon, it would be found that such star, 
on arriving in the plane of the meridian, had the same elevation 
as the sun on those two days of the year when he appears, also. 

Page 37. 
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to rise in the east , consequently the sun, on each of those days, 
appears to describe the circumference of the equator, by his 
diurnal movement, and these days are found to be equally dis- 
tant from those on which the shadow of a gnomon is the longest 
and the shortest ; but, as soon as the two days were determined 
on which the sun rises in the east, a comparison of the angles 
which, at noon, the gnomon makes with the solar ray pi ejecting 
the extremity of the shadow, would shew that the deviations of 
the sun, noithward and southward, from the equator were equal 
to each other on the days of the greatest and least lengths of the 
shadow , and it would be, no doubt, immediately concluded, by 
combining the motion of that luminary from west to east with 
his decimations from the equator, that he must appear to de- 
scribe, annually, in the heavens a route whose ciicumference 
crosses that of the equator in two points diametrically opposite 
to each other, and whose plane is inclined to that of the latter 
circle in an angle equal to half the whole movement of the sun 
from south to north , that is, to about 23j degi'ees. The year 
is, consequently, divided nearly, into four equal parts by the 
two times at which the sun crosses the equator, and those two 
at which he attains his greatest dcchnations : these days might 
naturally, then, serve to mark the commencements of tlie four 
seasons of the yeai ; and, because an equality in the lengths of 
day and night is observed to take place when the sun is in the 
equator, the two points in the heavens which the sun occupies 
on those days received the name of equinoxes, while the term 
solstice was, as we have said, applied to each of those days on 
which the sun’s declination is the greatest. The circles which 
the sun appears to describe, in his diurnal course, on the days 
of the solstices, received the name of tropics from a word sig- 
nifying a return, because, from the solstitial points, the sun 
seems to return towards the equator. To the oblique route 
desenbed annually by the sun thiough the heavens the name of 
ecliptic was given because the eclipses of the sun and moon 
take place, always, m or near its circumference. 

The positions of the equator and ecliptic being determined, it 
was easy to conceive the existence of other circles in the ce- 
lestial sphere respectively perpendicular and parallel to the 
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planes of the two former, and to refer to them the places of the 
celestial bodies, by the coordinate distances of the latter from 
such of the circles as were considered to be the primitives : the 
distances were denominated longitudes and latitudes, with respect 
to the echptic ; right ascension and declination, with respect to 
tlie equator. And after the spherical form of the earth was 
recognized, the planes of the celestial equator and of the circles 
perpendicular to it weie imagined to cut the caith and form on 
It the terrestrial equator and circles of terrestrial longitude, also, 
by lines supposed to be drawn from the centre of the earth to 
the circumferences of circles, in the heavens, parallel to the 
equator, corresponding circles would be conceived to be marked 
out upon the surface of the eaith and form there what have 
been called ciicles of terrestrial latitude ; these circles on the 
earth serving to fix the geographical positions of places, as those 

m the heavens seived to determine the situations of the celestial 
bodies. 

The position assigned by the ancients to the arctic circle in 
the heavens is not the same as that which this circle is now 
supposed to occupy , at present its distance from the pole of 
the world is made equal to that of either tropic fiom the equator, 
but Proclus states'* that Eudoxus considcied it to bo at a dis- 
tance from that pole equal to the latitude of the place of observ- 
ation, so that it must have touched the horizon of that place on 
the northern side, and must have formed the southern limit of 
the circumpolar constellations, or those which are always visible 
by mght. It is thus described by Mauihus : 


Circulus ad boream fulgentem sustmet aicton, 

Sexq[iie fugit solidas a cocli vartice partes^. 

The SIX paits here mentioned are equal to of the whole 
circumference, according to the division of tlic ciicle used by 
Proclus and ascribed to Eudoxus , that is, they aio equal to 36“ 
according to the common graduation, which indicates that the 
place of observation must have been situated in the parallel of 
the latitude of Rhodes. The astronomical poet also states, in 
the same book, that the nortliem tropic is distant fiom the arctic 


Be Sphaeia. 


^ Astionomicoa, Lib I ver. 564 . 
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circle by five parts, and tbe equator fi:om the tropic by four 
parts, which must be understood, in like manner to be equi- 
valent, respectively, to 30° and 24"*, a quadrant of the meridian 
being divided into fifteen parts, according to Eudoxus. 

We have said that some nations divided the year into months 
of thirty days each, the commencement of each month being 
probably determined by the appearance of the new moon; and 
it seems that half synodical revolutions of that luminary were, 
by the ancient Hindus % on some occasions, used as measures 
of time. It has, also, been supposed that, as soon as the period 
of a sidereal revolution of the moon, which is equal to about 
twenty-eight days, was obseived, the four principal phases of 
that luminary were made to serve the purpose of dividing the 
month into weeks of seven days each , but it is probable that 
this last cycle may lay claim to a higher origin, and that its 
first use may have been deiived from an appointment of the 
Deity himself The knowledge, however, of the first revelation 
granted to man being lost to the heathen world, it was natural 
that a celestial observation which it was in the powder of many 
persons to make should be thought to have given rise to the 
employment of the period, and that the invention of it should 
have been asciibed to that people among whom a knowledge of 
it was first found to exist. Dion Cassius states ^ that the week 
of seven days was invented by the Egyptians , but, in whatever 
way it may have been introduced, it is certain that it has been 
received by all people who have a notion of a calendar ; and it 
has been proved by La Place to be identical in all calendars 
both with respect to the denominations of the days and their 
correspondence to the same physical mstants of time. 

According to the testimony of Homs Apollo, who lived in 
the fourth century of our era, and wrote upon the Egyptian 
hieroglyphics, the Cynocephali (supposed by Mr. Bryant ° to 
have been members of a royal seminary in Upper Egypt,) wore 
addicted to the contemplation of the heavens, from winch tliey 
learned to distinguish the seasons and to divide the day into 
twelve parts or hours. But in the writings of the Jewish and 

^ Quint Cult. Lib VIII. cap 9- ^ Hist. Rom Lib XXX VIL 

® Analysis of Ancient Mytliology, Sect. Phoenix and Pboemccs. 
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Axabiaa astronomers of the middle ages the division of the day 
into twenty-four hours, and the denominations of the days 
themselves, are ascribed to the Chaldeans, who arc said to have 
called each hour by the name of a planet and to have given to 
each day the name of that planet fiom which its first hour was 
designated. Fiom the arrangement of the days of which the 
week is composed, it is evident that a disposition of the planets 
to that assigned m the system of Ptolemy must have 
been prevalent at the tune the denominations were imposed ; 
for if we reckon the planets in the order which they have in 
that system, viz. Saturn, Jupiter, Mais, the Sun, Venus, Mer- 
cury and the Moon, the first hour of the first day would be 
designated Saturn, and the name of Saturn was given to that 
day ; then, m twenty-four hours, the planets would be passed 
over three times, and there would remain three hours, so that if 
the day began with Saturn the last hour would be called Mars ; 
therefore the first hour of the second day would be given to the 
sun, and that was the name of the second day, again, reckomng 
as before, the last hour of the second day would be Mercury, 
and the first hour of the third day would be given to the moon ; 
so that the thud day received the name of the Moon, and so on. 
Thus the several days had, in succession, the names of the Sun, 
Moon, Mars, Mercury, Jupiter, Venus and Saturn ; and this 
arrangement must have been communicated firom the people 
who first proposed it, to the Egyptians, Greeks and Romans ; 
for these could not have been led, independently, to the adop- 
tion of the same names of days, fiom the order of the distances 
of the planets, smee they did not, all, suppose tliis order to be 
the same. Almost all the people of the ancient world supposed 
the day to begin at smi-rise, no doubt because that phenomenon 
was a most distinguishable mark oflTered by Nature herself to 
divide the period of a revolution of the heavens into two great 
portions; and the mterval from sun-risc to sun-set was con- 
sidered as the length of the day , but when machines had been 
invented for the purpose of dividmg the day into equal parts, 
this method was found to be very inconvenient because the days 
axe of unequal length, not only in places dififerently situated 
with respect to latitude, but also at the same place in different 



V.] 


CELESTIAL SPHERE. 


91 


seasons, and it was finally superseded by that of reckoning the 
hours of the day from noon or midnight. Hipparchus appears 
to have been the fiist who assumed the latter epoch for the 
origin of the day, but astronomers now invariably reckon the 
hours of the day from the former. 

Two methods of dividing the day into hours seem to have 
been employed m very early times For civil purposes, the 
interval between sun-rising and sun-setting was divided into 
twelve equal parts, each of which, of course, must have been, 
every day, of a different length ; the interval between sun-setting 
and sun-iising was divided in a similar manner, and it is evident 
that the nocturnal, could not have been equal to the diurnal 
hours except on the days of the equinoxes Such equal divi- 
sions of the natural day were called temporary hours, and they 
were determined by a clepsydra or some similar machine , the 
dimensions of the aperture through which the water was allowed 
to flow being made to vary with the varying length of the day. 
Such divisions of the day are alluded to by Achilles Tatius, who 
endeavours to illustrate then nature by comparing them to the 
fingers of the hand which are always the same in number, but 
are not all of equal lengths. The ancient astronomers, however, 
generally used what are called eqmnoctial, or solar hours; 
which are those determined by a sun dial, and instruments of 
this kind appear to have been in use from a very remote 
period. 

In the progress of astronomy, the discoveiy of the principal 
phenomena of the celestial bodies seems to have been followed 
immediately by an effort to account for such phenomena by 
some physical cause ; and the formation of an hypothesis which 
satisfied the observations, while it gratified the pnde of man by 
making him appear to be acquamted with the secret mechanism 
of nature, must have facilitated the improvement of the science 
by enabling succeeding observers to connect the isolated facts 
they brought to light so as to unite them in one system : by this, 
the original hypothesis may have been proved or, if necessar}’^, 
modified , and from thence it became possible, by reasoning, to 
deduce some of the circumstances relating to the planetary 
motions which were inappreciable by the instruments employed. 
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or which, otherwise, would have remained for ages undiscovered 
by observation. 

The general motion of the celestial bodies about the earth, 
from east to west, it would, immediately, be attempted to explain 
by supposing them to be attached to the concave surface of a 
hoUow sphere which, being endowed with that movement of 
revolution, would, consequently, carry all those bodies along 
with it ; but the movements of the planets being found to be 
variable in velocity and direction, it would be necessary to 
suppose them independent of the sphere of the merratic stars 
and, either to move by themselves in free space, or each of them 
/ to be attached to a separate sphere by whose motion it might be 
conveyed about the earth : the latter supposition seems to have 
been immediately preferred, probably because no satisfactory 
reason could, at first, be assigned why, if left to themselves, they 
should not fall firom their places, agreeably to what was 
constantly observed of bodies neai the earth’s surface when left 
without support. 

But whether attached to spheres or not, the phenomena of 
the movements of the superior planets might, naturally enough, 
lead to the opinion that these movements were performed about 
the earth in orbits which were peifectly or nearly circular; 
because, at different times, they appear to be in every different 
pait of the circumference of an imaginary circle in the heavens 
Now the first opinions of men concerning the heavenly bodies 
seem to have been drawn from a supposed perfection in aU their 
qualities rathei than fiom observation of their phenomena, and 
it became an established point that the movements must be 
performed in orbits correctly circular, and with uniform velocities, 
hence, from the observed variability of the planets’ motions, it 
was early concluded that the circular orbits could not be 
concentnc with, though they were supposed to enclose the earth ; 
for by making an orbit eccentric, it is evident that a body, 
really moving with a unifonn angular motion about the centre, 
would appear to move faster, when in that part of the orbit which 
is nearer the spectator, and slower, when in that more remote 
thanihe point of mean distance from him. The changes in the 
apparent movements of the planets from direct to retrograde, 
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and the contrary, did not, perhaps, for some time excite attention. 
The opinion that the real velocities of the planets were uniform 
must have had its supporters as late as the time of Pliny, for 
that distinguished philosopher observes ^ that the planets appear 
to move slowest when in the highest circuit [in apogeo], not 
because there is any acceleration or retardation of their true 
motions, which aie uniform for each planet, but because, at 
diffeient distances fiom the centre of obseivation, unequal 
angular movements aie described by the ladii drawn to the 
planet. 

Now, with respect to the inferior planets, the fact that they 
never deviate beyond a certain distance from the sun, and that 
they alternately approach to, and recede from him, might be 
supposed to afford an^irgument that their movements depended, 
in some measure, on that luminary ; and could the phases the 
inferior planets present to a spectator on the eaith, and their 
transits over the sun’s disc, have been seen without the aid of a 
telescope, the formei, from their lesemblance to the phases of 
the moon, and the latter, from their occurrence between the 
disappearance of the planets m the sun’s light at his rismg, 
and their emergence from thence after sun-set, would, at once, 
have led to the discovery that those planets revolve about the 
sun , but this being imppssible, it is less surprising that the true 
nature of their movements should have been mistaken or quite 
unknown. Any observations made by the naked eye would be 
insufficjent to determine whether the movements were rectilinear 
or circular with respect to the sun , and, if a circular movement 
were supposed, it would be still uncertain whether the sun was, 
or was not, included within the orbits : but, admitting that the 
inferior planets revolved about the earth, it must have been 
obvious that they were earned witli the sun in his annual 
course ; and this appearance probably led to the opinion of the 
motion of the planets in epicycles, which afterwards became so 
general. 

It was impossible for the ancients to have any proof of the 
different distances of the planets from the earth, except such as 


Nat. Hist. Lib. II. cap. 13. 
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miglit be obtained from the difference in the degrees of their 
brightness, or of their apparent velocities about the earth ; having 
adopted the principle that the paths of all the celestial bodies 
were circuit, and their true movements uniform and equal, it 
would seem to follow that those which Jaad the slowest motions 
were the most remote. The ancients invariably arranged the 
superior planets in the same order. Saturn was supposed to be 
on the extenor, then followed Jupiter and Mars, in succession 
towards the earth, which was placed m the centre of the system ; 
they all agree, likewise, in considering that the sun and moon 
revolved with the other planets kbout the earth in orbits within 
that of Mars, and that the moon’s orbit was the nearest to the 
earth. But a difference of opinion existed among the ancients 
about the disposition of Venus and Mercury; according to 
Achilles Tatius^, some of them placed the sun between the 
spheres of those planets, but, he observes^, the Egyptians placed 
the latter between the spheres of Mars and the sun, probably 
because Venus and Mercury were never seen to pass over the 
sun’s disc, and they supposed the former to be nearer the eaith 
than the latter perhaps because it appears brighter; this dis- 
position was adopted by Plato and is mentioned in his dialogue 
Timseus • on the other hand, m the system of the later Greeks, and, 
as Alpetragius states, in those of the Babylonians and Hindus, 
the orbits of Venus and Mercury are placed between those of 
the sun and moon ; that of Mercury being nearest to the moon 
or earth because his conjunctions with the sun occur more 
frequently than those of Venus. 


* Tatius, Isagoge, cap 16. in Petav. Uranolog, 


^ Ib. cap. 17- 
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CHAPTER VI 

NATURE OF THE ANCIENT ASTRONOMICAL CYCLES. 

Beterminations of the solar and lunar years. — Probability that the Sothaic 
period was used by the Egyptians. —The Persian cycle — Possibility that 
the Egyptians had discovered the movement of the equinoctial points. — 

The commencement of the year was vaiiable among the ancients — The 
Egyptian agricultural year regulated by the heliacal rising of Sinus — The 
Chaldean cycles. — Ancient planetary cycles — The restitutions of the moon’s 
inequalities of movement supposed to have been known to the Chaldeans 
and Hindus. — The ancient manner of deteimining the moon’s periodical 
revolutions. 

The manner in \?hicli the ancient Egyptians and Chaldeans 
determined the length of the year is doubtful, but there are two 
methods capable, as we have shewn, of affoiding an approxi- 
mation to it, and either of them might have been adopted in 
the infancy of astronomy ; these are the heliacal risings of stars 
and the lengths of the shadows of a gnomon. The interval 
between two hehacal risings of any star would include a period 
nearly equal to that which is known by the name of the sidereal 
year; and that between the days of the two longest or two 
shortest shadows, which indicate the days of the winter and 
summer solstice respectively, would give the length of the 
tropical year. If we are not allowed to suppose that a gnomon 
was used for the purpose of ascertaining the tropical year, or 
that on which the seasons depend, we may remark that the same 
could be rudely determined as soon as men had learned to trace 
a meridian hne, or one at right angles to it; for, by simply 
looking, at morning and evening, in the latter direction, the days 
of the vernal and autumnal equmox would be known since, then, 
the sun rises and sets precisely in the eastern and western points 
of the horizon. It has been supposed that the faces of the 
Pyramids of Egypt had their particular directions in order to 
allow this kind of observation ; and M. Biot remarks % that two 
of the faces of the temple at Dendcrah were disposed so that the 

• Recbercbes sur FAstronomie Egyptienne. 
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horizontal lines passing along the foot of their walls tended 
southwaid of east and northward of west about as much as the 
amplitude of the sun at rising and setting on the days of the 
winter and summer solstice respectively, consequently those 
days might be found and, from thence, the length of the year, 
by simply directing the sight in a line paiallel to the same faces. 
This method of determining the year is by Simplicius expressly 
stated to have been practised , and it is probable that it gave 
use to the formation of a year of six months, which was that 
used by the Carians and Acamanians, and in which as Cen- 
sorinus observes ^ the days increased during one year and 
decreased during the next, alternately , for such would be the 
case if the first year was made to commence at midwinter, and 
the other at midsummer. The difierence between the sidereal 
and tropical year being only about twenty minutes, by which 
the former exceeds the latter, on account of the retrogradation 
of the equinoctial points, would be long imperceptible from the 
uncertainty of the day on which any star first rises heliacally 
and the uncertainty of the precise moment when the shadow of 
the gnomon is the longest or shortest. 

By the testimony of Diodorus Siculus the year of the 
Chaldeans and Egyptians oiiginally consisted of thirty days , it 
must, therefore, have been formed by taking that number of 
days as a lunar period, or interval between two consecutive 
changes of the moon ; and this writer, in the same book, assigns 
to the latter people the honour of regulating the year, subse- 
quently, by the sun instead of the moon, he alleges that they 
made the solar year consist of twelve months, of thirty days each, 
and added five days and a quarter after each twelfth month, to 
complete the circuit. But it seems as if a year of 360 days only, 
was, for a certain time, used in Egypt and, as it is not hkely 
that an error of five days should have been made in determining 
the length of the solar year by any of the methods above 
mentioned, we can only imagine that such a length was 
purposely chosen for the sake of the round number. The sun is 
said by Manetho to have been the son of Vulcan and the in- 

• Comment 4C, Lib. II. De Coelo. ^ De Die natali, cap. 16 

“ Biblioth. Hist. Lib. I 
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ventor of fire ; he married Rhea and, having discovered her 
infidelity, condemned her to bear no ofispnng on any day or 
night of the 360 which then constituted the year ^ : and the 
following remarkable story is related by -Plutarch^ concerning 
the introduction of the epagomenae or additional days Mercury, 
he says, engaged himself, in a contest at dice, with the moon, in 
order to gain time for the birth of Rhea’s children, and evade 
her husband’s curse , being victor, he took off yV^h from each 
day, and of these portions made five whole days, which he 
added to the 360 previously composing the year. It is said that 
Osins was born on the first supplementary day, and Typhon on 
the third. The fable will, at least, serve to prove the fact, that 
the year of 365 days was an improvement subsequently made 
upon that which had been more anciently used 

But it was not in Egypt alone that the year of 860 days was 
in use, for Diodorus Siculus alleges that, among the Chaldeans, 
it succeeded to the lunar year of thirty days, and M. Bailly sup- 
poses that their knowledge of it was acquired in the icign of 
Evechous, the first king of Babylon, who, he thinks, was con- 
temporary with an ancient Zoroaster, and lived in the year 
2459 Before Christ. Diodorus adds that 33,583 years of the 
former kind are equal to 403,000 years of the latter kind, and 
the expiession of those periods by such high numbers, when 
the latio of 1 to 12 w'ould have been quite as accurate, seems to 
indicate that the writer had in view some epoch, real or ima- 
ginary, which entered into the astronomy or chionology of that 
people. That the Egyptian year of 365 days was introduced 
into that country before the time of Alexander is proved from a 
passage in Quintus Curtius, where the march of the Persian " 
army is thus described Patno more Persaium traditum est, 
orto solo demum procedere Die jam illustn, signum e taber- 
naculo regis buccina dabatur; super tabernaculuiti, unde ab 
omnibus conspici posset, imago soils crystallo inclusa fulgebat.^ 
Ordo autem agminis erat talis Ignis, quern ipsi ^ sacrum ’ et 
^ seternum’ vocabant, argenteis altaribus praeferebatur. Magi 
proximi patnum carmen canebant. Magos trecenti et sexaginta 

* Eusebu Chronici pars I. ^ De Iside et Osuide. 

® Bibl. Hist Lib. I. ‘‘ De Rebus Gestis Alexandn, Lib III. cap. 3. 

H 
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quinque juvenes scquebantur, punicds amiculis velati, diehus 
toiius anni pares numero. quippe Persis quoque in tot idem 
dies descriptus est annus. Currum dcmde Jovi sacratuui al- 
bcntcs vchebanl equi : bos exiimaj magnitudhns ‘ cquus,’ quoin 
‘solis’ appcllabanl, sequcbatur: aurese virgai et alb® voslcs rc- 
gciites equos adomabant 

It is probable that, originally, the Grcchs considered a sy- 
nodical revolution of the moon as one ycai, and that they, after- 
ward, formed periods of time consisting of three months each, 
Censonnus ^ relates this circumstance, and adds fliat tho Ar- 
cadians had acquired the denomination of Proselenas ; not, says 
ho, because it was sujiposcd that they were a nation before 
the moon became a star iii tho heavens, but because they, first, in 
Greece, used a year which was dotei mined by the com so of 
that luminary. The year of 360 days appears also to have been 
in use among the Greeks, since Hesiod affirms the fact and 
mentions a division of it into twelve months. This people, 
however, subsequently adopted a lunar year of 354 days, di- 
vided, also, into twelve months, but they long persisted in 
tho impel feet practice of considoiiiig each month to have 
29 days, and of intercalating a month e\eiy alternate year 
in Older to make theii civil reckoning correspond nearly with 
tho solar period ; a method alluded to by Diodorus, in his first 
book. But tho defects of this method soon becoming soiisiblo, 
Solon abandoned the intercalation, retaining only tlio simple 
lunar year and regulating that the twelve niontlus should, al- 
ternately, consist of thirty days and twonty-iiuic days. The 
tropical year, however, was, at length, introduced into Greece, 
from Egypt, for Strabo® relates that Plato and Eudoxus had 
resided thirteen yeais at Heliopolis, where they learned from 
the priests of the country what portion of a day was to bo 
' added to 365 days in order to complete tlic solar year; which 
was, as he alleges, till then, unknown to die Greeks. Now, as tlio 
latter people, from the time that they used that kind of year, 
sdways, in their civil accounts of time, supposed it to consist of 
365i days, it will follow, cither that the Egyptians did not 

• De Die Natali, cap. 16. " Opera ot Dios, Lib. II. 

• Geograph. Ilb. XVII. 
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communicate a uioie accurate knowledge of the length of the 
year, or that, if they did so, no public use was made of it in 
Greece. Phny states ^ that, according to the Egyptians, the 
solar year was rendered complete m a period of fom: years, and 
that this period pioduced the return of the winds and bad 
weather to the same days , alluding, no doubt, to its advantages 
over the annus vagus, or sacied year, which consisted of 365 
days without a fraction He observes, also, that the period of 
four years, when introduced into Greece, had the name of the 
Tetraeteris of Eudoxus, and this philosopher may, therefore, he 
supposed to have brought it from Egypt. The Egyptians them- 
selves, ascribe the discovery of the additional quarter of a day, 
as well as most of their improvements in the sciences, to one of 
their Hermes. But, according to Geminus^, they designedly 
used a year of 365 days without a fraction, in oider that their 
religious festivals might not be fixed to one season of the year. 
This writer alleges that it was a common error among the 
Greeks to suppose that the festival of Isis happened always at 
the winter solstice ; this, he says, was tiue 120 years before his 
time ; but he observes that it now takes place about a month 
earher, and as Geminus lived about 77 years n. c it is evident 
that the period at which the festival so occurred must have been 
nearly 200 yeais B. c. Formerly, he adds, on tlie authority of a 
commentary on the Octaeterides, or cycles of eight years, as- 
enbed to Eratosthenes, the same festival was celebrated as early 
as the summer solstice : and as the quarter of a day, by which 
the Julian year exceeds that of the Egyptians, will amount to 
half a year in 780 years of tire latter kind, rt is evrdent that the 
epoch alluded to hy Eratosthenes must have been about the year 
930 B. c. or at a period earlier either hy 1460 years or by some 
multiple of that number of years. The ancient Hindus used 
hoth a solar and a lunar year, and they considered each to he 
divided into 360 parts called days j but these appear to have 
heen fictitious, and used only for the purpose of facilitating 
certain astronomical computations : it is probable therefore that 
such a division was not made hy that people till the science 

» Nat. Hist. JjiK 11 cap. 17. 

^ Da Appareatiis Coelestibus, cap. De Mensibus. 
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was so far advanced among them that it became necessary to 
have recourse to it foi the purpose of simplifying the rules by 
which the times of celestial phenomena were computed. 

Whether the Egyptians determined the length of the year by 
the heliacal risings of stais, or by the occurrence of the equi- 
noxes or solstices , while they continued to use that which was 
denominated the sacred year, and consisted of 365 days, they 
could not avoid observing, at the end of a certain number of 
such years, that their festivals ceased to fall in the same season 
as that in which they were at first celebrated , in fact, in 360 
years, any religious or other rite which was appointed to take 
place on a certain day, suppose that of midsummer, would 
anticipate the season by about three months, and would then 
actually occur at the beginning of the spring quaitci , and, since 
360 years arc to three months, as one year is to a quaiter of a 
day, this people might find that the length of the ycaxnught to 
be equal to about 365|- days, in order to make their calendar 
accord with the seasons, which, though of little moment in the 
arbitiary regulation of religious ceremonies, must have been 
always of the utmost impoitance for civil pmposcs. Since also, 
1460 years of 365j days, each, aie equal to 1461 years of 365 
days each, it will be easy to peiceive that at the end of 1460 
years, the festivals of the sacied year would return to the same 
seasons as at the commencement This forms, in all probability, 
what was called the sothaic or canicular peiiod 5 the knowledge 
of which cannot be denied to the Egyptians ; and attempts have 
been lately made to ascertain the age in which the period was 
introduced among that people ; the enquiry is intciesting, but, 
from the accomit we are about to give of the foundations on 
which it rests, it will be perceived that no satisfactory conclusion 
concerning it has been obtained. 

The late discoveries of M. Champollion have shewn that the 
ancient Egyptians commenced their civil, or agricultural year, 
with the season for sowing com , that is immediately after the 
subsidence of the Nile, and while the ground was yet moist 
from the action of the waters. Now as the rising of the nver 
depends on the rains which fall regulaily, in Abyssinia, during 
the summer, commencing invanably with the summer solstice, 
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and attaining its highest elevation in about one hundred days ; 
it is evident that the civil year must have been the same as that 
which is called the tropical year , that is, it must have consisted 
of about 365|- days: this period the Egyptians divided into 
three parts which were represented by symbols illustrative of 
the periods of vegetation, harvest and inundation ; each of the 
two first penods comprehended 120 days, and the third, 1251- 
days, of which the five last v ere the epagomense or supple- 
mentary days , and M. ChampoUion, therefore, consideis that 
the beginning of the civil year w^as fixed at the one hundred 
and twenty -fifth day after the summer solstice. But the sacred 
year of the Egyptians, as we have said, consisted of 365 days 
only; its commencement was, consequently, variable, retro- 
grading regularly about one day in every four years ; and if we 
suppose that, at the introduction of the sacred year, its com- 
mencement coincided with that of the agricultural year, it would 
follow that a like coincidence could only again occur at the end 
of every period of 1460 tropical years, supposing with the 
Egyptians, each of the latter to be exactly equal to 36 5 J days : 
or at the end of every period of 1506 years, if we make the 
length of the tropical year equal to what is now kno^^m to be its 
true value. 

M. Champolhon, in attempjang to find the time when the 
sacred year was introduced, sets out by assuming the well known 
fact, that in the twenty-fourth year before the commencement of 
our era, when Augustus altered the Egyptian calendar, and put 
an end to that mode of reckoning time, the first day of the 
month Thoth, that is, of the sacicdyear, coincided, according to 
the Julian calendar, with the 29th day of August which was 
then sixty-five days after the day of the summer solstice [June 
25] , then, on account of the 12 minutes by which the Julian 
year exceeds the length of the tiopical year, and which causes 
the day of the equinox oi solstice, in times posterior to the 
mtrodqction of the Julian calendar, to retrograde about one day 
in 120 yeai’S, it is evident that, m the year 275 b.c. the summer 
solstice must have occuircd on the 27th day of June, and he 
computes that, at this epoch, the first day of the sacred year 
must have coincided with the 31st day of October, wdiich is just 
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125 days after the solstice ; and, consequently, tvas the first day 
of the agricultural year. If, therefore, ho observes, tlio intro- 
duction toot place at the epoch of a coincidence of the two kinds 
of year , and, if wo suppose that the intervals of tlie coincidences 
arc, each, equal to 1606 years, we should have, for the j>rt!ceding 
epochs of coincidence, the years Before Christ 1780, 3285, 4790, 
&c. respeotivcly. 

Censorinus however asserts** tliat the first year of one of tlui 
sothaic periods fell just one hundred years before that in which 
he wrote, and which he designates as Uie year 986 of Nabouassar 
[a d. 239] , so that tlie commcnccinont of a period must havti 
coincided with the ycai 139 of our era; and he adds that, at 
the latter epoch, on the twelfth day of the kalends of August 
[July 20], the first day of the sacred or variable year (tlu! 
memory of which seems to have been retained in Egypt though 
its use was abolished by law) was coincident with the day on 
whieh Sirius rose heliacally in that country ; and, in fact, it is 
found by calculation that the phenomena actually took place in 
Egypt, in that year, about the day specified; that is, twenty-seven 
days after the summer solsUcc ; therefore, if wo suppose that the 
interval between two consecutive heliacal nsiiigs of that star was 
tlicn exactly equal to 3654 <^ays, which M. Biot proves to have 
been very iieaily true between the yeais 2000 and 3000 IJcfore 
Christ; and that, consequently, the sothaic jariutl, dett'rmined 
by tlie returns of the heliacal rising ot the star to the same day 
of the annus vagus, was equal to MtiO years; by rc'ckoning 
backward we should have tlie years Before Christ 1321, 2781, 
4241, &c. icspcctively, for tlie previous epochs at which the like 
coincidence took place ; and one of tliese is imagined to have 
been the epoch of the first introduction of Uiat kind of year. 

But it has been supposed, and the opinion is founded on a 
passage in the Scholiast on Aratus, probably Jheon of Ahixandria, 
that the commencement of tlie agricultural, or, as it was also 
called, the canicidar year, was coincident, in time, with the 
hehacal rising of Sinus ; and, accoiding to Diodorus Siculus, the 
Egyptian priests had a tradition tJiat the rising of the Nile was 
originaUy coincident witli the same celestial phenomenon. Now 
• Be Bie Natali, cap, 17, 
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if the day be that on which the increase in the height of the 
waters is first perceived ; that is the day of the summer solstice ; 
it would follow that the agricultural year commenced at mid- 
summer : and, adopting the data afforded by Censorinus, we 
should find that the coincidences of the first day of the annm 
vagus with that of the former year, so commencing, would be in 
A.D. 31, and in the years Before Christ 1475, 2981, &c. which 
agree with neither of the other epochs : we are, therefore, left to 
make our choice among them for the time at which the sacred 
year was mtroduced into Bgypt, without a single condition 
to determine our opinion in favour of either. 

Several circumstances conspire to render all these determina- 
tions unsatisfactory , foi; besides the absence of all proof that the 
coincidence above mentioned was coeval with the estabhshment 
of the Egyptian calendar, the heliacal rising of a star and the 
first perceptible rise of the Nile aie uncertain within several 
days, by which the epoch founded on cither event is also 
rendered uncertain to the amount of as many hundred years : the 
length of the agricultural year is also undeteimined and con- 
sequently the sothaic period itself is susceptible of different 
values ; if the year was made to depend on the rising of the 
Nile, it must have been strictly tropical; if on the heliacal 
iTsmgs, it must have been exactly equal to 365|- days, and no 
one can say by which of these circumstances its length was 
regulated , it is certam, moreover, that the ancient Egyptians 
made no distinction between the tropical and camcular years, 
and that they were not even aware of the difference between 
them. 

The Scholiast on Aratus connects with his remark that the 
origin of the canicular year was coincident with the hehacal 
rising of Sirius, two additional circumstances, the overflowing of 
the Nile and the presence of the sun with the star Leo ; either 
meaning that the sun was merely somewhere in the constellation 
bearing that name, or, in conjunction witli Regulus, the principal 
star in it. Now we find by computation that, about the year 
2500 Before Christ, Smus rose hehacally precisely on the day 
of the summer solstice, and that the longitude of Sirius was then 
41° 30', which is less than the longitude of the sun by 48° 30' ; 
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the SHE must therefore, at that epoch, have been situated near 
the middle point of the constellation, and have been nearly in 
conjunction with Regulus ; and it is, probably, from this circum- 
stance, and bedause the star lies nearly in the sun’s path, that it 
was distinguished by the epithet royal. 

In all the penod between about the year 4000 B c. and the 
age of Theon, the sun must have been in the constellation Leo 
at the time of the heliacal rising of Sinus ; but the connexion of 
the latter phenomenon with the rising of the Nile cannot be 
supposed to have been observed earlier than 2500 years Before 
Christ, when the rising of the star took place on the day of the 
solstice since, the elevation of the waters not being great 
enough to attract general notice till after that day, it is not likely 
that the elevation should, when first obseiwed, have been sus- 
pected to depend in any manner on the rising of the star; and 
it may be rather supposed that such dependence would not be 
noticed till a later age, when, on the first appearance of the star 
in the evening, the waters had attained a perceptible height ; 
and when, consequently, the people of the country might con- 
sider the two circumstances to stand to each other in the re- 
lation of cause and effect, and thus be led to give to the agri- 
cultural year a designation diawn fiom the name of the star. 
The fixation of the commencement of the agricultural year to 
the day of the solstice, or, as Champolhon supposes, to the 
hundred and twenty-fifth day after it," may have taken place as 
soon as the Egyptians applied themselves to the cultivation of 
the ground, and long before the rising of Sinus was legarded, 
but the first use of the annus vagus if it be supposed to be con- 
nected with this phenomenon, cannot be dated from a period 
more remote than the year 1321, or 1475, b. c. reckoning back- 
ward from the coincidences mentioned by Censorinus; oi than 
the year 1780 b. c if we adopt the hypothesis of Champolhon. 

It must be admitted also, that there is no direct proof, in any 
author who lived before the commencement of our era, that the 
Egyptians paid any attention to the sothaic period, but the 
allusions made to it by subsequent writers leave little doubt of 
the fact. The fable mentioned by Tacitus concerning the 
* Taciti Aimalium Lib VI. cap 28 . 
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phoenix, which was supposed to lise from its ashes at the end 
of 1461 years, seems to be an allegory intended to express the 
duration of the cycle; and, besides the. account given by 
Censorinus as above stated, the remark made by St. Clement of 
Alexandria, who lived • at the beginning of the third century, 
that Moses was bom 845 years before the establishment of the 
sothaic period, implies that this last had been anciently used in 
chronology. According to most of the commentators, the 
Jewish lawgiver lived about 1570yeais Befoie Chiist ; therefore, 
if any dependence could be placed on the testimony of the above 
mentioned Father, it would seem that the cycle was instituted 
about 1225 years Before Christ. This epoch differs not more 
than one hundred yeai's from one of those which have been in- 
ferred from the passage in Censorinus ; and the two accounts may 
be reconciled by supposing that the introduction of the cycle 
did not talie place for many years after the observed coincidence 
which determmed its commencement. An indirect argument in 
favour of those who contend that the cycle was really employed 
may also be drawn from a passage in the histoiian Syncellus, 
who lived in the eighth century • this writer, in an extract from 
the works of Julius Afheanus, states that the latter had copied a 
relation given by Slanetho, in a chronological work composed by 
order of Ptolemy Philadolphus, and professing to have been 
taken from a more ancient Egyptian clironiclc, in which it was 
assorted that from the reigui of the smi to that of Nectanebus II. 
Aero had elapsed 36,525 years ; and since this numbci is equal, 
as Syncellus obscivcs, to the pioduct of 1461 by 25, or to 
twenty-live sothaic periods, there seems reason to believe that 
the cycle was in use in, or before tlie time of Manetho. 

If the authority of Hyde is of any weight, it would appear “ that 
Jemschid, one of the most ancient monaichs of Persia, intro- 
duced into that country, for rchgious purposes, a vague year of 
365 days without fractions, for the same reason that this mode 
of reckoning time was used by tlie Egyptians : and that, for the 
general use of the people, he formed another kind of year, whose 
commencement was to be fixed by an embohsmic month, added 


^ Hi&tona Eeligiouis Vet. Poisanim, cap. 14 . 
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at the end of every 120th year. That is, as Hyde explains it^ 
in a quotation from a work of Mahmud Shah Cholgius, the year 
was supposed to consist of 365|- days and was divided into 
twelve months of thirty days each with 5 additional days; but 
the remaining quarter of a day makmg, in 120 years, just 30 days, 
or another month, this was added as an embolismic month, by 
reckoning the last of the year twice over, at the end of the first 
120 years ; at the end of the next 120 years, two months were 
added and so on till after 1440 calendar years, when twelve 
months or one whole year was reckoned twice ; and thus 1440 
years constituted the period of an intercalation. This manner 
of correcting the calendar is said*' to have continued till the 
time of Jesdegiid, after whose death a new era commenced, 
with the year 632 a.c. and then, the intercalated month fell at 
the end of the eighth month of the Peisian year, which year 
was, consequently, the 960th of one of the above mentioned 
cycles : hence M Bailly concludes^, that the Persian mode of 
intercalation commenced either in the year 329 n.c. which must 
have been the first year of a cycle, or in a year earlier by 1440 
years or by some multiple of that number of years ; and the 
French astronomer who, when the probabilities are equal, always 
chooses a very ancient epoch, supposes the year 3209 B.c. to be 
that of the introduction of the cycle and of the reign of Jemschid, 
the sovereign to whom the invention of this" mode of regulating 
the calendar is ascribed. We are informed that, with the era of 
Jesdegird, a new regulation of the solar year was adopted in 
Persia, and that its commencement was made to comcide with 
the time when the sun was m the middle of the constellation 
Pisces^. 

The length of the tropical year, or the interval between two 
successive returns of the sun to the same equinoctial point, is 
now known to have been, during the existence of the Egyptian 
monarchy, less than 365j days by about eleven minutes which, 
in about 130 years, make one day , and the Egyptians, by adding 
one day at the end of every four years, to their original year of 
365 days, rendered their civil year too long, so that at the end 

‘ Histona religioms vet. Per!>amm, cap. 17 ^ Ibid, cap 14 

“ Astr. Axiciemie Eclairciss. Liv. IV. sect. 2. ^ Hyde, cap. 16. 
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of 130 such years from any epoch, there had in reality elapsed 
one day more than 130 tropical years ; and, as the observations 
of the times of the equinoxes by the gnomon, or otherwise, were 
probably, uncertain to half a day only, it may be supposed that 
in about 300 years, at most, the error of their calendar would 
become sensible, being, in fact, more than two days. It is also 
known that the length of the sidereal year, or the interval be- 
tween two successive returns of the sun to the same fixed star, 
exceeds 365j days by a little more than nine minutes, and these, 
in about 150 years, make up one day, but the length of the si- 
dereal year being by the Egyptians determined, only by the 
heliacal risings of stars, and M. Biot having proved that between 
the years 2000 and 3000 b.c. the interval between two consecu- 
tive heliacal risings of a star was 36 5 J days, or exactly the 
length assigned by that people to their tiopical year; it is evi- 
dent that they could not have been aware of any greater error 
in their calendar than that which we have fomid above : and, if 
we are to give them credit for so much attention m comparing 
their measures of time, we may suppose that the heliacal rising 
of any star would, to them, appear to take place every year later 
than in that preceding it, as well with respect to the civil as to 
the tropical reckoning, or that the equinoctial point would ap- 
p^ear to retrograde towards the sun, so that the latter would seem 
to arrive at the equinoctial point earlier, with respect to the civil 
as well as the sidereal reckoning : and, taking the sun’s move- 
ment in longitude at one degree daily, it might appear that die 
equinoctial points had retrograded with respect to the stars, at 
the rate of about two degrees in 300 years, or about twenty-four 
seconds of a degree yearly. But subsequently to the year 1000 
B c., the difference between the interval of two heliacal risings 
of a star and the period of 365|- days became perceptible, being 
equal to about one day in 300 years , and, in that age, the equi- 
noctial points may have appeared to retrograde, from the two 
differences, about one degree in 100 years, or thirty-six seconds 
of a degree annually. It is conceivable, therefore, that this re- 
trogradation, as Albategiiius and other Arabian writers have 
asserted, may have been suspected by the Chaldeans and 
Egyptians , but the want of precision in the observations must 
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have prevented either people from arriving at an acctu’ate know- 
ledge of its amount. An uncertainty of half a day, in the time 
of one of the two phenomena observed at an interval of 300 
years, would render the determination cnoneous by six seconds ; 
and the Greek astronomers varied, in the value they assigned to 
the retro gradation, between thirty-six and sixty seconds. 

The seasons chosen by diJfferent people among the ancients 
for the commencement of the year were different, and seem to 
have been regulated by rural operations and local circumstances 
rather than by astionomical phenomena : we have seen that, m 
Egypt, the beginning of the sacred year was variable, and that 
of the canicular or agricultural yeai was fixed cither to the day 
of the summer-solstice or to the time of sowing com. According 
to Censonnus^, some nations reckoned the beginning of the 
year from the new sun, that is from the ivinter- solstice ; many 
from the vernal or from the autumnal equinox ; some from the 
[heliacal] rismg of the Pleiades and others from their setting : 
he does not say in which of the four seasons of the year the 
using or setting of the Pleiades was supposed to have taken 
place, and M, BaiUy gratuitously assumes that there might be 
some nations which began the year when that cluster of stars 
so rose at the time of the vernal equinox, a circumstance which 
would indicate an age as early as 3900 years b.c., but it is much 
more probable that the commencement of the year was con- 
nected with the rising of the Pleiades in one of the two following 
ways , either what was denominated the beginning of the year 
was only meant to signify the time of harvest, which, according 
to the precepts of Hesiod above quoted, was regulated by that 
phenomenon , or the nations alluded to pursued a course similar 
to that which was tiU lately adopted by the natives of the islands 
in the South Seas. “ The two seasons of the year ” says Mr. 
Ellis ^ were, among the Tahitians, divided by the Pleiades , 
the first, called Mataru ^ ma, the Pleiades above ; commenced 
when, in the evening, those stais appeared on, or near the 
honzoh and continued while, after sun-set, they w’ore seen above 
it. The other season, called Matarii i raro^ the Pleiades below ^ 
commenced when, at sxm-set, the stars ceased to be visible, and 

* Be Die Natali, cap. 17* Polynesian Reseaiches, vol. I. chap IV. 
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continued till, in tlie evening, they again appeared above the 
horizon : in either of the cases above supposed the opinion of 
Bailly falls to the ground. The civil year was, by the Greeks, 
made to commence with the autumnal, and by the Romans, 
before the time of Numa, with the vernal equinox 

Syncellus, and Eusebius, of whom we have above spoken, 
qudte from the works of the Chaldean Eerosus three distinct 
cycles under the denominations of Sossos, Neros and Saros, 
which are said to consist, respectively, of 00 years, 600 ycais 
and 8600 yeais ; besides which it is added that 120 san foim 
the great planetaiy year or cycle. Josephus also, who peihaps 
drew some of his notions from the woiks of Eerosus, mentions^, 
a period of 600 ycais which he calls the great year and which, 
he pretends, was discovered by the patriaichs, to whom he says 
God granted very long life in oider that they might be enabled 
to gain a competent knowledge of geometry and astronomy. 
The age in which this Eerosus lived is uncertain, and it appears 
that there were at least two persons of that name , one is said, 
by Seneca, to have been a minister of Eeliis, king of Assyria; 
another was contemporary with Nabonassar, or with Alexander 
the Great; and this last, or, it may die, a third, is desciibed by 
Vitruvius as an itinerant lecturer in philosophy who finally set- 
tled at Cos. 

Whether the years of the Chaldean cycles are to be consideied 
as solar or lunar, or even as days, or whether those cycles 
relate to the movements of the jilancts, can only be suimised, 
nor IS there any proof that all the periods are of an astronomical 
natiiie; but, accoiding to Sir William Drummond^, the word 
Saros is derived from the Chaldean word Sar signifying ro- 
tundity and, also, the moon ; whence it has been supposed to 
denote the lunar cycle of 223 months, or eighteen solar years of 
which we shall speak hereafter. What is usually denominated the 
planetary year is the period comprehended between two con- 
junctions of the sun, moon and planets in a particular part of 
the heavens, like that which Cicero, in his treatise De Natura 
Beorum calls the great Platonic year, and, like the magmis 
smculorum ordo ” mentioned by Virgil in the fourth eclogue of 
^ Antiq. Lib, I. cap 3. ^ Ongmes, Book I, Chap. V. 
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the Bucolics. Now if this conjunction were supposed to possess 
the precise character attached by astronomers, at present, to a 
conjunction ; which is that the planets should have the same, or 
very nearly the same, longitude, the cycle would be of immense 
duration ; and some persons imbued with this opinion have sup- 
posed that a period of 49, 000 years; others, that one of 23,760 years 
was referred to ; but this kind of conjunction does not seem to 
have been intended bythe ancients. It is evident, however, that no 
correct knowledge can be obtained of the duration of such pe- 
riods while we are ignorant of the extent of the heavens 
within which the planets were supposed to be contained when 
they were considered to be m conjunction ; for this may have 
been a whole sign, or even a quadrant of the zodiac ; a dilFerenco 
which would alter in a vast degree the extent of the cycle. 
Proclus, in his treatise Be Spheera % ascribes to the Chaldeans 
the opinion that, in the great planetary period, whatever it may 
be, the universe experiences an entire revolution ; that the com- 
mencement of the world coincided with that of the period, and 
that its destruction would take place when the period should 
be completed , after which they supposed that all things would 
retuni to their previous state. Aiistotlc speaking of this period, 
which he designates a great year, observes that its winter is ac- 
companied by a CataclysmoSy or deluge, and its summer, by an 
EcpyrosiSy or conflagration of the world. The superstition of 
the ancients may be conceived capable of originating such no- 
tions; we meet with them in the chronology of the Hindus, and 
there arc traces of their existence even among the inhabitants 
of enlightened Europe. ’ 

Scaliger considers the Saxos to be the same as the Dodecaeteris, 
or period of twelve yeais which, as Censorinus observes the 
Genethliaci call the Chaldean year, a penod not depending on 
the course of the sxm or moon but on observations relating to 
the supposed returns of good and bad harvests, or of periods of 
health and sickness : and he supposes the planetary year to be 
equal to 1440 solar years, being the product of that period into 
a saeculum, or age, which he makes equal to 120 years. But Le 
6entil, considering all the Chaldean cycles to relate to the con- 
® Cap. 1. De Die Natali, cap. IS. 
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junctions of the sun and moon, has attempted to explain their 
values on this hypothesis; and, admitting that the Chaldeans 
had assigned to the solar year and the lunar month the lengths 
he assumes, he shews that 60 years would contain 742x^0 luna- 
tions , and, ten times this period, or 600 years, would contain 
7421 lunations exactly, and thus might be formed the Neros of 
Berosus, or the Great Year of Josephus. It is impossible, how- 
ever, to Imow what pioportion, according to the Chaldeans, the 
solar years and the lunar years bore to each other; therefore 
htde confidence can be placed m this mgenious explanation : it, 
moreover, leaves the Saros entoely unaccounted for and, in fact, 
Le Gentil admits that it is quite inexphcable. 

But when the astronomical tables of the Hindus were received 
in Europe efforts were made to explain the ancient periods firom 
the elements those tables afforded, and M. Bailly has®, par- 
ticularly, laboured to draw from those of Chnsnabouram a 
probable solution of the question concerning the Chaldean 
Neros ; for this purpose he calculates, by them, the mean motions 
of the sun and moon with respect to the equmox, in 600 tropical^ 
years, tlie length of which he takes firom the same tables, and, 
allowing for the movement of the equinoctial points in that time 
according to the value assigned to this element by the Hindus, 
he finds that a certam number of revolutions of the moon are 
accomplished in the 600 revolutions of the sun with an excess 
of 3 mmutes only; whence, he observes, one of two things must 
be inferred, cither that this cycle has been formed fiom the 
tables, or that the latter have been computed fiom the cycle. 
The coincidence is certamly remarkable, and may prove that the 
period has been fonned by a comparison of the mean motions of 
the sun and moon ; but, while the antiquity of the Hindu tables 
is liable to so much uncertamty, most persons will be inchned 
to embrace the opinion that the last inference drawn by M. 
Badly has the best foundation in probabdity. 

. In the same work^*, the learned author observes that the 
period of 3600 years, the Saros of Berosus, is often referred to m 
the Hindu astronomy, and he conceives it to have arisen from 
the discovery that, reckoning from the commencement of the age 
® Asti on. Indienne, Disc, prelim, page 143. Chap. X. sect. 15 — 19, 
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Cali-Yuga, that number of years must elapse before the origin 
of the Hindu zodiac would coincide with the equinoctial point. 

The cycle of 60 years is in general use in the eastern chrono- 
logy, and Bailly conceives that it may have originated in the 
observed con]unctions of Jupiter and Saturn, which occur every 
twenty years m parts of the zodiac distant from each other 120 
degrees in longitude ; that is in those signs which constitute one 
of the astrological tngons : hence three conjunctions, which take 
place in 60 years, will have been accomplished in all the points 
of one trigon; and, as this division of the zodiac appears to 
have been very ancient m the East, the opinion is not destitute 
of probability. Some, however, have imagined that the Sosses 
of Berosus was a period of 60 days, or two synodical revolutions 
of the moon nearly, the use of which cycle, according to 
Censorinus®, prevailed m Egypt, and is, we know, still letained 
in India and China. 

Besides the cycles abovementioned, three, which relate to the 
superior planets bnly, are mentioned by Achilles Tatius ^ ; that 
writer, after desciibing the periodical revolutions of Uiose planets 
in their orbits, states that Saturn has a jieriod of 350,635 years 
which, he says, is called the great year ; Jupiter, one of 170,620 
yeais, and Mais, one of 120,000 years, at the end of which 
times they return to the same, he does not say what, point. 
Bailly, in his effort to explain every thing, imagines that these 
periods might have been formed by multiplying the times of the 
supposed revolutions of the apheha of the planets by those of 
the periodical revolutions of the planets themselves; but the 
products arising from the multiplication of the values now 
assigned to those times give periods which differ very much 
from those mentioned by Tatius, and there is sufficient leason to 
believe that, in the days of that writer, the movements of the 
planets’ apheha were not even suspected. Censormus speaks of 
a Chaldean period of twelve years which, he says, was supposed 
to bring on, in regular order, years of famine and sickness : and 
those who have attempted to shew from what phenomenon the 
number was derived have imagined that it related to one of 
those presented by the planet Jupiter which, at the end of 
* De Die J^atali, cap. 21. ^ Isagoge, cap. XVITI. in Retav. Uranolog. 
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twelve years returns nearly to the same configuration with 
respect to the earth and sun. The period which includes nine 
conjunctions of Jupiter and Saturn brings those planets to such 
situations that, if the first conjunction should occur at the begin- 
ning of the sign Aries, the last will occur at the end of the same 
sign , and this has been supposed by Bailly to be the origin of the 
period of 180 years which now is, and, probably, from ancient 
times has been in use in some parts of Asia To conclude, we 
may observe that Bailly has enumerated^ about eighteen dif- 
ferent cycles besides those ascribed to the Chaldeans and 
Egyptians ; some of them are apparently luni-solar, while others 
seem to depend upon the supposed movements of the equinoxes , 
and he quotes from Censormus a remark that there was a Great 
Year of infinite length ; whence he infers that some among the 
ancients had arrived at a knowledge of the incommensurability 
of the periodical movements of the celestial bodies. 

Great importance was, by the ancients, attached to the know- 
ledge of those cycles which in the Greek astronomy were called 
Escehgma^ and which constitute integral periods of the revolu- 
tions of the celestial bodies ; and it is evident that they must 
have afforded the only means then known of computing the 
returns of the phenomena to which they related. In the modem 
astronomy they are quite abandoned, it being more accurate as 
well as more independent, to determine the mean motions of the 
celestial bodies by a comparison of their situations at periods 
remote from each other. These mean movements for years, 
months, days, &c being reduced to tables, are easily taken from 
thence, and the corrected places of the celestial bpdies are found 
by applying the variations to which the movements are subject ; 
such variations have been deduced jfrom the physical causes 
affecting the movements; and the formulae investigated for the 
purpose of expressing them have also been reduced to tables 
subsidiary to those which give the mean places and movements* 
The formulae and the tables computed from them are corrected 
from time to time, as observations are multiplied and become 
more perfect, and no correction of an empirical nature is now 
admitted. 

* A$tron. Ancienne Edairciss. lib. VIII. sect. l5. 
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Hitherto we have only considered the most simple ol)sc^rva. 
tions that might have been made and the most o!)vic>ns 
deductions from them , and it will bo readily acknowledged that 
such observations and deductions do not surpass the mc^ans in 
the power of either the Chaldeans or hlgyptians, in lh(^ agi^s 
which preceded that of the Greek astronomy* But GeminuH®^ 
who is thought to have lived about one hundred yenus l)c4ore 
Christ, ascribes to the former people ohservatious and dfalucdions 
of kinds superior to those of which we have before) spesken, and 
such as indicate considerable advances in the formation of a 
theory of the lunar motions. If what ho alleges be con*<a*t, tln*y 
must have asccitaincd the vaiiablc velocities of the sun and 
moon, the situations of the apsides and node's e)t the) mocafs 
orbit and the periods of hci revolution wath rejlalion t<» those 
points. They discovered, ho says, that, in eighti'c'n years, or 
6585J- days, the moon had made 22S complete revolutii)ns with 
respect to the sun; 241 revolutions and 10| degreem with re- 
spect to the fixed stars ; 239 restitutions of anomaly, or rc*vcN 
lutions with respect to the apsides or points of her greate'si and 
least velocities, and 242 restitutions of latitmh', or revolutions 
with respect to her nodes ; hut he adds that, in order to obtain 
an entire number of days, they tri])led all the above ntnnberH ; 
and thus formed a new period consisting of 19,700 days, or 
about fifty -four years, in which, conscapiently, the moon waniM 
make 723^\ sidereal revolutions; 0()9 revolutions with respt'ct 
to the sun ; 717 revolutions with resp(‘ct to the apsides, and 720 
revolutions with respect to her nodes, truth probaldy is, 

that the Greeks determined all or some of these periods by 
comparing the times and phenomena of llu' eelipst's obsi^rvcal by 
the Chaldeans or bugyptians with such as were made, lu later 
times, by astronomois of their own nation: hut, as the more 
ancient people could have had no other object in view, in 
making their catalogues of celestial phenomena, than in afford 
the moans of ascertaining such periods ; it would he unr(’iis<m- 
able to suppose that they did not, themselves, use their (dn 
servations for a like purpose, though we may grant that tht! 
cycles they thus formed were less acenrah' than those which 
® De Apparentiis Coelestilnw, cap. Moasibun. 



VI.] 


ASTRONOMICAL CYCLES* 


115 


are above announced. The periods in which the restitutions of 
the lunar inequalities of motion, in longitude, are found to take 
place, from the preceding cycles, are as follow: the period of re- 
stitution with respect to the fixed stars m 27.321 days ; to the 
sun in 29.531 days ; to the moon’s apogeum in 27.553 days, and 
to her node in 27.212 days. And the agreement of these values 
with those found from the corresponding Hindu cycles, which 
will be hereafter mentioned, is so remarkable as almost to justify 
a suspicion that the different people did not make the discovery 
of the cycles quite independently of each other. 

The determination of the mean values of these periods, even 
without the aid of instruments for ascertaining directly the place 
of a star or planet with respect to the circles of the sphere, is 
however, a work of comparative facility ; and the method em- 
ployed by the ancients appears to have been nearly the same as 
that which is followed by the astronomers of the present time ; 
the only advantage enjoyed by the latter, in tliis research, con- 
sisting in a moie accurate knowledge of the actual places of the 
celestial bodies, and in a diminution of the errors m the lengths 
of the periods, by being enabled to make comparisons of such 
places after die lapse of great intervals of time. To ascertain 
the time of a sidereal revolution of the moon it would only be 
necessary to observe two successive near appulscs of that lu- 
minary to some fixed star, which would give an approximate 
value of that period ; then, observing two such appulscs distant 
from each other by many years, since an integral number of 
such revolutions must have been performed in the interval, if 
that interval be divided by the approximate value, the nearest 
integer to the quotient will bo the number of revolutions ; and, 
the whole interval being divided by such integer, the new 
quotient will be the more accurate value of the sidereal revolu- 
tion. 

By a similar process the duration of a synodical revolution of 
the moon might have been ascertained : for the interval between 
two consecutive first appearances of the new moon would af- 
ford an approximation to the period : and two such observations 
made at times very distant from each other would give the du- 
ration with great accuracy. The two remaining periods must 
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have been ascertained ftom the registered eclipses of the moon ; 
and Ptolemy expressly states that the ancient mathematicians, 
meaning no doubt the Chaldean astronomers, had made the dis- 
covery of such periods. The revolution with, respect to the 
node might easily be found from the registered times of two 
lunar eclipses which are total and central , for, in those circum- 
stances, the moon must be in or near one of her nodes ; the in- 
terval between two such phenomena, being divided by the 
duration of a sidereal revolution, as an approximation to that 
with lespect to the nodes, would give the integral number of 
revolutions of the latter kind in the interval , and hence might 
be obtained the coirect duration of a revolution from one node 
to the same. If the place of the moon in the zodiac, at the 
time of such an eclipse, was determined by her appulse to some 
known fixed star, the perceptible changes of her situation with 
respect to the same star at the times of the succeeding eclipses, 
the moon being then also near her node, would shew that the 
node retrograded, or moved fiom east to west in the heavens ; 
and, aS, at the end of about eighteen years, a central eclipse 
would again be found to take place at the same distance as at 
first from the same fixed star, it might be concluded that a re- 
volution of the moon’s nodes is accomplished m that time. 
Lastly, if in the registers of eclipses there be found two which 
are equal in magnitude and duration, the velocity of the moon 
being at those times, consequently, equal ; it will follow that 
the moon must, at both times, have been either in the line of 
the apsides, or at equal distances firom the apogeum. There- 
fore the interval of time divided, as before, by the approximate 
time of one revolution will give the integral number of revolu- 
tions with respect to the apogeum in that interval ; and, from 
thence, may be obtained the more correct time of such revolu- 
tion. The different positions of the moon, with respect to the 
fixed stars, when she is in the apsides of her orbit might have 
shewn that those points were not immoveable in space, and 
might indicate their velocity and the direction of their motion , 
and though we have no direct proof of it, there seems no reason 
to refuse, to the more ancient Chaldeans or Egyptians, some 
knowledge of their periodical revolutions. That the Chaldeans 
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were aware of the inequality of the moon’s motion is sufficiently 
evident since, according to Ptolemy, they held, though we know 
not in what age, an opinion that, in passing from apogeo to 
perigeo, her movement was uniformly accelerated as much as 
eighteen minutes daily ; and in returning from the latter to the 
former point, it was retarded in the like manner : and though 
they were wrong m supposing this acceleiation and retardation 
to be uniform, yet the discovery of a variation in the velocity, as 
is observed by La Place ^3 is a proof of their sagacity, and is the 
earliest fact of the kind of which we have any knowledge. 

An argument in support of the notion that astronomy was 
cultivated in the East long antecedently to the origin of the 
Chaldean and Egyptian monarchies has been drawn from the 
extent of the cycles m which the lunar inequalities are com- 
pensated: it is alleged that, in order to discover by the re- 
currence of like eclipses the time of a compensation, a greater 
number of years are required than are supposed to have elapsed 
since the epoch of that origin ; and hence it is concluded that 
the first observations must have been made m times much more 
remote. In proof of this allegation it is remarked that, besides 
the length of the interval between the nearest recurrences of the 
eclipses by which the compensation of an inequality is deter- 
mined, the regular returns of the eclipses themselves so often 
escape observation, by those taking place below the horizon of 
the spectator which, at a previous return, may have occuired 
above It, that many periods must pass over befoie the length of 
one could be ascertained. M. Delambre observes^ that 'not 
half the eclipses which take place in any one period would be 
visible, and Cassini, in the Memoires de I’Academie des 
Sciences % goes so far as to say that, among all the eclipses 
which have happened within the last 2500 years, there are no 
two of the same kind distant from each other by so great an in- 
terval as one of the periods refciied to by Hipparchus, from 
which circumstances it may seem quite natural to infer that 
many ages must have elapsed, and a very great number of ob- 
servations must have been made to enable the astronomer, by 

® Exposition (lu syst^me du raonde. Note II. 

Hist, de TAstron. au siecle, page 409. 
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several coincidences, to conclude that the periods are constant 
The remarks we are about to make will, however, in our opinion, 
afford ground to believe that the number of years requisite to 
determine the periods of the lunar inequalities is not, necessarily, 
so great as might at first be supposed. 

Delambre seems to consider that the recurrence of one eclipse 
only, at the lunar apogeum or node, or at the same distance 
from either, is observed within one period of restitution , but it 
must be remembered that all the eclipses visible within two pe* 
riods of the restitution of one kind of inequality amount to a 
considerable number ; so that among them, though die returns 
of some may not, those of others will, be found ; and these are 
sufficient to afford an approximate knowledge of the period, 
which period might be afterwards verified or corrected by the 
observations of similar eclipses at longer intervals ; or extended, 
as was done by the Greeks and Hindus, by the simple process 
of taking equimultiples of the number of restitutions and of the 
time in which that number was accomplished. We must re- 
mark, moreover, .that the phenomena of two like eclipses need 
not agree with the utmost precision, neither indeed is it possible 
that they should ; but this agreement is supposed by Cassini, 
when he says that no two like eclipses are to be found in re- 
gisters kept during 2500 years: in fact, however, a near 
approximation to similarity was sufficient for the ancients, who, 
by taking a mean of a multitude of observations, procured a 
tolerably accurate knowledge of any period through the com- 
pensations of the errors ; and of eclipses nearly similar to each 
other there would be many in a much smaller number of years. 
Let us add that the ancients enjoyed the advantage of a fine 
sky, and that among them a class of men was almost wholly 
devoted to the contemplation of the heavens , from which cir- 
cumstances it may be inferred that, in a given time, they must 
have made many more observations of that nature than have 
been made since the days of Ptolemy ; when, till lately, the 
practice of astronomy was less constantly cultivated than before : 
even now, many sucb phenomena are lost to us by the vapours 
of our atmosphere which too frequently conceal the celestial 
bodies fi:om our view 



ASTRONOMICAL CYCLES. 


119 


VI.] 


It IS conceivable, tberefore, that the two thousand years which 
had elapsed between the Deluge and the age of Aristotle, and 
the longer interval between that gTeat event and the time of 
Hippaiclius, may have sufficed to obtain the nunoiber of ob- 
servations necessary to determine the penods alluded to by the 
former, and employed by the latter astionomer: it is even 
reasonable to believe that the senes of Chaldean observations, 
extending thiough 1903 yeais, which are said to have been 
transmitted to Aristotle by his friend Callimachus, consisted of 
eclipses, and occultations of stars or planets by the moon, and 
that the former are those by which Hipparchus deteimined the 
elements of the lunar orbit , it is probable also that, from the 
latter, were obtained the penods, relating to the movements of 
the planets, which are stated in the works of Ptolemy. 
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CHAPTER yil. 

ASTRONOMICAL MONUMENTS OE THE ANCIENTS. 

Notices concerning tLe Chaldean and Egyptian Hermes — Alleged supe- 
rioi*ity of the Egyptian Astronomy —Sculptured representations of the 
heavens — The sculptured planisphere in the Temple of Isis at Dendeiah.— . 

Its supposed epoch. — The rectilinear zodiac in the same temple — Sculp- 
tured zodiacs at Esneh and Hehr — Opinions of M Dupuis concerning the 
signification of the zodaical constellations — The positions of the leading 
signs in the Egyptian zodiacs. — Hindu and Roman zodiacs — Notices con- 
cerning the Pei Sian astronomy in the Zend-Avesta.— Hypothesis of Dr. 
Stukely concerning the Druidical monuments in Biitain. 

It appears that between the time of Ptolemy and.the epoch oi 
the revival of learning m Europe^, if not at an earlier period, 
several books, either genuine or apocryphal, must have been in 
existence, in which mention was made of the Chaldean oi 
Egyptian learning ; for such are frequently alluded to by the 
writers of the middle ages, and a ceitain Hermes, or Meicurius 
Tnsmegistus, is occasionally quoted as a personage living in 
very remote times, and either as an observer of the heavens 03 
the author of certain astronomical sculptures or writings Jam 
blichus lelates^, on the authoiity of Seleucus and Manetho 
that he wiote, concerning the theology and astronomy of the 
Egyptians, a number of books equal to the years during whicl 
the thirty dynasties of kings are said to have reigned over tha 1 
people ; an idle fable from which we can only infer that man} 
works relating to those subjects had been written by differeni 
persons and were ascribed to Plermcs, just as the actions o: 
more than one of the ancient heroes were, by the Greeks, attri 
buted to Hercules. This is so much the more probable as W€ 
know that the priests of old were frequently denominated fronc 
the deity to whose service they were consecrated^ ; and, con 
sequently, there may have been many individuals, priests o] 
Mercury, bearing that appellation. It is, also, easy to conceive 
that the name of Hermes may have been assumed by differeni 

* De Mystenis iEgyptiorum, Sect. VIII, cap. I, in Eabricii BibliotL. Giaec 
Lib. Leap. 11. 

^ Bryant’s Analysis of Ancient Mythology. 
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persons merely to procure a sanction for their opinions in philo- 
sophy by pretending that they were those of a celebrated an- 
cient: such artifices are generally found to be successful, 
because men can hardly avoid being strongly prejudiced in 
favour of doctnnes supposed to have descended from antiquity ; 
which, on that account, they regard with veneration, and accept 
as the precepts of a parent. 

The Hermes mentioned by Manetho was, probably, the first 
of the name , he is pretended to have been an Egyptian, con- 
temporary with, and the minister of Osms who lived about 1800 
yeais Before Christ : he is also supposed to have been the 
Buddha of the Hindus, but on no better foundation than that 
the fourth day of the week, among the latter people, is dedicated 
to that deity as the fourth day of the Egyptian week was to 
Thoth or Hermes, and that both Hindus and Egyptians marked 
that day by the symbol of Mercury Abulpharagius^ names a 
Chaldean Hermes who, he says, lived some years after the 
Deluge, and Alpetiagius mentions one to whom he ascribes the 
pretended discovery that the stars have a motion, real or appa- 
rent, which IS alternately direct and retrogiade. This opinion 
of two opposite movements in what are called the fixed stars is 
known to have been entertained in the fiist century of the 
Christian era, and if the Hermes here spoken of be not a fictitious 
personage, he very probably lived about that time. Tn the 
Philosophical Transactions for 1694, the longitude of Aklebaran 
IS alleged to have been observed by Hermes, and, from the 
position assigned to the star, it would appear that the observa- 
tion was made above 3000 years Before Christ but, as no 
authority is given for his assertion by the writer of the article, 
it is impossible to form any opinion of its truth or falsehood. 

One of the Hermes appears to have been the author of a 
work which was esteemed of high importance by the priests of 
Egypt, and, probably, contained the rules for determining the 
times of celebrating their religious festivals * this we learn from 
Clemens Alexandrinus, who lived in the second century of our 
era, and who, in describing the persons attending in the pro- 
cessions made in honour of Isis, states^ that one of them, de- 
* Histona Hynastiaium. ^ Stromata, Lib. VI. 
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nominated the Scribe, was acquainted with the hieroglyphics 
relative to cosmogTaphy and geography, and to the courses of 
the sun, moon, and planets j and that another, named the 
Horoscope, was skilled in the four books of Hermes on astro- 
logy and astronomy ; the first of which, he observes, treats of 
the order and disposition of the universe and of the five planets ; 
the second, of the conjunctions of the sun and moon, and the 
two others, of the risings of the stars. And to the same Heimes 
or to some writer who, subsequently, bore his name, the Arabian 
astronomer Ibn Jounis has ascribed a tieatise on shadows, pro- 
bably meaning those of a gnomon, which were so long and 
generally used to determine the times of the equinoxes and 
solstices. We regret the impossibility of fixing the age in 
which any one of these philosopheis flourished, and are com- 
pelled to observe in conclusion that the subject is involved in 
impenetrable obscurity. 

The science of the Egyptians was considered, by Herodotus, 
superior to that of any other Eastern people of his time, but he 
only alleges two circumstances in support 6f the opinion ; one 
of which is the remarkable and, seemingly, irrational story 
related to him m a conversation with some of the priests, that in 
11,340 years the sun had four times changed the place of his 
rising, having twice risen where, now, he sets meaning, probably, 
that there had twice occurred a rising in the west alternately 
with one in the east : and the other is the discovery that the 
year consists of 365 days. The first of these, which is, also, 
alluded to by Pomponius Mcla^, though the author assigns to 
the period 13,000 years, may, if it have any meaning, admit of 
explanation in two different ways. M. Dupuis, who labours 
with all his might to support the opinion that the Egyptian 
astronomy had its origin in a most remote antiquity, takes for 
real the long period which the recital of Plerodotus would appear 
to give to the existence of the monarchy ; and, assuming that 
the period is nearly equal to half of that in which the fixed stars 
seem to make a revolution in longitude by the retrogradation of 
the equinoctial points, though in the account given by Herodotus 


® Euteipe, cap. 142. 


^ Pomp. Mela, Lib. T. iEgypt 
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it differs from it above sixteen hundred years^ he supposes*^ the 
relation to be founded on the change which, by that half revo- 
lution, is produced in the positions of the stars with respect 
to the colures. These circles dividing the zodiac into four 
quadrants, denominated by some ancient writers, the east,’ 
south, west, and north, the stars which, at any epoch, occupy 
the eastern division, will, in the course of half a revolution, 
occupy the western division, and so on , consequently the sun 
which, at the first penod, rises and sets with certain stars, will, 
at the second, rise and set with those which are diametrically 
opposite . and Dupuis conceives that the Egyptian priests may 
have intended to express this circumstance, in their enigmatical 
language, by saying tlie sun had reversed die place of his rising 
and setting 

A very different interpretation of the words of Herodotus, and 
one which to most peisons will doubtless appear far more 
reasonable, has been lately offered by Dr Rcnwiclc in a letter to 
Captain Sabine, which was pubhshed in the Journal of the 
Royal Institution for May 1831. This is founded on the sup- 
position that the period referred to by Herodotus or Mela 
signifies the duration of one Sothaic cycle and half a cycle ; tliat 
is 2190 years : Dr. R. observes that, at the commencement of the 
cycle, the sun would be in the constellation Leo at the time 
of the heliacal rising of Sinus , that, after 730 sacred years, he 
would, on the same day of the [vague] year, be in that part of 
the zodiac which is in opposition to Leo ^ and, consequently, 
would use with a constellation which, at the beginning of the 
penod, was setting at the time of his rising ; at the end of the 
cycle he would rise and set with Sinus as at first : and, after 
another 730 years, he would agam nse with the opposite con- 
stellation. The only difficulty m the way of this explanation is 
the substitution of 2190 years for 11,340 or 13,000; but, if we 
suppose the latter to have been years of two months each, the 
agreement would be sufficiently close. Herodotus states that 
the period included between those pretended changes of the 
sun’s place of rising extended from the reign of the first king of 
Egypt to the time of Sethos, a priest of Vulcan : now the latter is 
^ Memoire clu Zodiaque, p. 37. 
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said to have lived about the year 700 B. c., and this fact would 
place the reign of the first king of Egypt in the year 2890 b.c. 
an epoch .which is, probably, rather too remote. 

The observation of Heiodotus, that the year discovered by 
the Egyptians consisted of 365 days, must be understood to 
imply, merely, that these people were the first to employ the 
annus vagtis for religious purposes, and not that, in the time of 
the Greek historian, they were unacquainted with the fact that 
an additional quarter of a day was included in the length of 
their agncultural or tropical year; since, as we have already 
shewn, theie is sufficient reason to believe that the latter measure 
of time had been much more anciently in use among them. Of 
the observations made on the celestial bodies by the Egyptians, 
not one has been preseived unless we consider as such the seven 
hehacal risiiigs of Siiius ascribed to them by Ptolemy in his trea- 
tise on the" calendar: the first of which, if the account may be 
credited, took place four days after the summer solstice, and, con- 
sequently, ^bout the year 1940 Before Christ : even the notices 
of such eclipses of the sun or moon as we cannot doubt they 
observed either weie not m existence in the time of Ptolemy or 
were ovei looked by that astronomer, since he has had recourse to* 
those of the Chaldeans in order to obtain data for his investi- 
gations concerning the oibits of those luminaries. La Place is 
inclined to think ^ that the pnests of Egypt might have been 
jealous of the school at Alexandria, which had been founded by 
the Ptolemies ; and therefore, withheld from the astronomers of 
that establishment whatever knowledge they might have pre- 
viously acquired while Delambre shrewdly remarks that, as 
men seldom conceal what would enhance their reputation, it is 
very probable that the priests had nothing of importance to 
communicate, and that they concealed their ignorance under an 
affected reserve. But neither of these opinions can be entirely 
just , for the Egyptians could not have observed the heavens 
during so many ages without making many discoveries, nor 
could Ptolemy have been ignorant of the contents of such works 
on astronomy as those ascribed to Plermes, which appear to 
have been generally known about his time ; we must, therefore, 
^ Precis de I’histoire de TAstrouomie, Chap. I. 
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ascribe his silence respecting the science of the Egyptians to 
some other cause, which, perhaps, may have been, that the ob- 
servations of more ancient date than those he employed were not 
accompanied by details sufficiently precise to serve the purpose 
he liad in view. 

Some of the sacred edifices of the Egyptians, Hindus and 
Romans are found to exhibit stiikmg proofs of the importance 
which these several people attached to the science of astronomy, 
in the representations of the heavens sculptured on their ceilings. 
Either the figures which designate the constellations were con- 
sidered fit subjects for a display of taste in one of the fine arts, 
and the idea of applying them in such situations arose from a 
supposed correspondence of the ceiling of an apartment with 
the visible surface of the vault of heaven , or, as the celestial 
bodies were objects of adoration m the East, such represent- 
ations were considered of use in exciting the devotion of the 
people : whatevei may have been the reason of this remaikable 
practice, it probably originated in Egypt where, alone, the 
existing specimens bear, in their execution, maiks of an atten- 
tion to scientific principles. Though the precise age of these 
Egyptian sculptures is very doubtful, and though we have 
reason to believe that they are not so ancient as the disposition 
of the figures in them seems to indicate, yet that similar works 
were executed, m very early times, in that country, is highly 
probable from the account given by Diodorus Siculus of a 
Golden Circle m the tomb of Osymandius, which, he observes, is 
the most magnificent of all the sepulchres of the kings of Egypt. 
The circle, he says^, was one cubit thick, or broad, and 365 
cubits in circumference . it was divided according to the number 
of the days of the year and was inscribed with the subjects 
professed by the Egyptian astronomers ; m which it has such a 
marked resemblance with one of the representations about to be 
described that little doubt can be entertained of its nature, 
though some late astronomers seem to have taken it for an 
instrument used in making celestial observations. Diodorus 
adds that the circle was reputed to have been taken away by 
Cambyses when he conquered the countiy. 

* Biblioth. Ilist. Lib. I. sect 46, 
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The most important of the sculptures lately discovered in 
Egypt represents, apparently, the whole of the visible heavens 
on a plane surface, within a circular maigm ; and was executed 
on the ceiling of an upper apaitment in the Temple of Isis at 
Denderah. On the same level, and on the opposite side of the 
building, is another apartment also decorated with astronomical 
emblems, but having no roof, and seeming, as M. Letronne ob- 
serves, to have been intended as an observatory from whence the 
sculp tmre in the before -mentioned apartment might be verified by 
an actual inspection of the heavens. By M. M. Jollois and De 
Villiers, the authors of the Recherches sur les Bas-reliefs Astro- 
nomiqiies des EgyptienSy in the Memoires de V Institut the 
planisphere is supposed to be a projection of the northern 
celestial hemisphere on the plane of the equator; the twelve 
zodiacal constellations are easily distinguished on it by their 
resemblance to those on a common globe, and follow each other 
in the order at present assigned to them except that Cancer, 
instead of coming between Gemini and Leo, is placed above the 
latter towards the centre of the sculpture : this displacement has 
caused the figure to be tahen for the mythological scaiabeus or 
beetle, the symbol of deity ; but as, here and elsewhere, it has 
eight feet while the beetle has only six, there can be no doubt 
that it represents a zodiacal constellation. All these figures are 
contained within an annular band, wLose centre is in a line 
drawn through that of the planisphere, or the pole of the world, 
and through both Cancer and Leo, which, of all the zodiacal 
constellations, are those nearest to that pole. It would seem, 
therefore, that this line must be the projection of the solstitial 
colure ; and, consequently, that the planisphcie represents the 
state of the heavens at the time when the summer solstice was 
cither at the commencement of Leo or at the end of Cancer. 
But M. Biot, in his M^moire sur le Zodiac de Denderah^ does 
not allow the planisphere to be a stereo graphical projection of 
the heavens, and he alleges, in opposition to that opinion, that 
the ecliptic, a great circle of the sphere, lies wholly within the 
primitive, or circle bounding the representation, which is con- 


Sect. I. Chap, 2. 
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trary to the principles of that kind of projection : the ingenious 
authors of the Recherches admit, also, the inaccuracy of the 
construction, because a circle described about the centie of the 
sculpture, which is the pole of the world, passes through the cen- 
tre, or pole, of the ecliptic and touches, at a point diametrically 
opposite, the interior circumfeience of the annulus occupied by 
the zodiacal figures , whereas in the heavens, or in any such 
projection of the sphere as is here attempted, one of these points 
ought to be twice as far as the other from the pole of the 
world. 

The opinion proposed by Biot is that the sculpture represents 
a development of the whole sphere, formed by assuming a certain 
point as the north pole of the equator and drawing radii, from 
that pomt as a centre, equal in length to half the circumference 
of the sphere, so that the circumference of the exterior bounding 
ciicle, or primitive, may be considered as the pole opposite to 
that in the centre of the planisphere. In support of this hypo- 
thesis Biot shews that if the mutual distances of the four stais 
Arcturus, Aiitares, Fomalhaut and & Pegasi be determmed tri- 
gonometrically on the monument, by means of their measured 
polar distances and differences of right ascension, and compared 
with the distances of the same stars, found from their known 
longitudes and latitudes , the diiFerences between the results of 
the computations for any two of the stars will not exceed 2° 41', 
and a nearer connspondence could hardly be expected , besides 
which, it may be observed that this kind of development would 
most natuially present itself to the mind of any one who sought 
to represent, on a plane, the visible concave surface of a sphere, 
befoie the mathematical theory of projections was invented. To 
determine the epoch of this interesting monument, the author of 
the hypothesis calculates the position of its pole by the com- 
puted distance between two of the four piincipal stais above- 
mentioned and their distances fiom the centre, found by mea- 
surement; and he finds the pole to bo midway between the 
stars /3 Ursae Minons and n Draconis, a situation which indicates 
the year 716 Before Christ. The probabihty of the epoch thus 
determined appears to be strengthened by the fact that near the 
place where, by calculation, Biot finds the equinoctial colure, is. 
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a small Harpocrates sitting on a lotus leaf, and within this figure 
he finds the place of a Piscium which, about the year 700 Before 
Christ, rose with the vernal equinox, and may have served as an 
indication of the time when that pomt was in the horizon, a 
circumstance, of some importance in the ancient astronomy and, 
therefore, very hkely to have prompted the artist to marh that 
point of the heavens by some appropriate emblem. Plutarch, 
in his treatise De Iside et Osiride^ states that the Egyptians 
represented the return of the sun towards the summer solstice 
by a child issuing from a lotus plant, and this also may be con- 
sidered as an argument in favour of the opinion that the above- 
mentioned figure was intended to represent the place of the 
equinoctial pomt The position of Siiius is found, by computa- 
tion, to be in the stem of a lotus plant on the top of which is a 
hawk, the symbol of the deity ; and this stem is in the direction 
of that diameter of the sculpture which is parallel to the^longi- 
tudinal axis of the temple and on the northern side of the centre. 
No star is sculptured on this plant but there is one very near it 
between the horns of a cow, the emblem of Isis, to whom Sinus 
was consecrated , and hence it is supposed, by Biot, that this 
figure was intended as the lepresentation of the star Snius, or 
of the constellation Cams Major. The head of the cow is near 
the feet of that figure which he considers as the emblem of 
Cancer ; and he concludes that this disposition of the figures 
has some allusion to the simultaneous heliacal rising of Sinus 
and the stars near Cancer, which took place in the age he has 
assigned as the epoch of the monument. The line of the sol- 
stices IS placed accurately in the direction of the meridian, the 
summer solstice being towards the north: and a line drawn 
through the centre of the planisphere, parallel to the length of 
the temple, is inclined to the meridian in an angle of about 17® 
eastward of north. The heads of all the figures are in the 
direction of the diurnal motion of the heavens, and the figures 
follow each other m the order of the signs. 

The displacement of Cancer and its introduction above Leo 
may have been intended to shew that, at the epoch of the 
monument, the summer solstice was on the confines of both 
those constellations; and the hawk-headed human figure situated 
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between Gemini and Leo perhaps expressed some quality of 
Cancer, on which account it may have been made to occupy 
the place of the constellation itself. Sundry other variations are 
found between the figures sculptured on the Egyptian plani- 
sphere and the constellations we have received from the Greeks, 
which Biot endeavours to reconcile by supposing, cither that 
the emblematic figures have been occasionally substituted for 
the constellations to which they refer, or that an attempt has 
been made to express the positions assumed by the latter with 
respect to the meridian and horizon: thus he imagines Ursa 
Major to be figured by the emblem of Typhon, and the Ship of 
Argos, or ratlier of Osiris, by two human figures with birds’ 
heads and certain emblems ; for under the feet of Sagittanus, 
and diametrically opposite to them, in the sculpture, is the figure 
of a ship accompanied by the like emblems ; and, hence, he 
considers that these figures have a relation to each other, which 
he explains by the fact that, at the time of the supposed epoch 
of the monument, Sagittarius and the Ship came on the mendian 
together, tlic former as much above the horizon as the latter was 
below it, so that the Ship must have appeared to bo under the 
* feet of Sagittarius. Groups of stars towards the circumference 
of the planisphere, and in the direction of a line drawn through 
its centre and the true places of the Pleiades and ITyades, are 
supposed, by Biot, to represent those clusters. The position of 
this temple seems to have been fixed on by design, for its south 
and north faces arc directed to a point situated about 17® 30' 
soiitliward of the east point of -the honzon, which, about the 
year 700 Before Christ, is precisely the ])oint where Sinus must 
have appeared to rise. 

In the coiling of the portico of the temple at Dcnderah is a 
representation of the signs of the zodiac in two roclangular 
bands parallel, and nearly contiguous to tbo side wall : on the 
right hand, beginning at tlie front of die portico, is Cancer, next 
follow in succession towards the naos of tlio temple, Ueo, Virgo, 
Libra, Scoi-pio, Sagittaiiiis and Capricornus ; then, on the left 
hand, proceeding from the naos towards the front of the portico, 
are the remaining five signs. Between Pisces and Aries is the 
figure of a hog which probably is not to bo considered as one of 

K 
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the constellations, but rather as an emblem of the season at which 
this kind of animal was led out to seek its food in the fields ; 
and parallel to each of the two bands is another consisting of 
figures, in boats, which represent the southern extra zodiacal con- 
stellations. The figure of Cancer is placed below the line of 
the other six signs, and in the place which it should have 
occupied is a head of Isis enveloped in the solar rays, which 
M. Fouirier supposes to indicate that, at the epoch of the mo- 
nument, Sirius rose heliacally when the sun was in Cancer. 
Now about the year 2500 Before Christ, Sirius rose heliacally 
in Egypt on the day of the summer solstice, when the longitude 
of the sun exceeded that of Sinus by 48^ 30' and the luminary 
was in conjunction with Regulus ; and about the commencement 
of our era, the same star rose heliacally eighteen days after the 
solstice when the longitude of the sun differed firom that of 
Sirius by Sl^"", and was nearly the same as that of the star 
X Leoms which is now considered as marking the commence- 
ment of this constellation or the eastern extremity of Cancer : it 
follows, therefore, that in aU that interv^al, which comprehends 
the duration of the Egyptian empire, the sun must have been 
withm the western half of Leo, at the time of the heliacal rising 
of Sirius, and could not have reached Cancer unless the bound- 
aries of those constellations have been changed since the epoch 
bf the monument : this is not unlikely, but Biot supposes that 
the artist intended merely to express the simultaneous rising of 
Sirius with some of the stars of Cancer, which certainly took 
place within the above-mentioned interval. 

Besides the sculptures at Denderah two other representations 
of the zodiacal signs have been discovered in Egypt, one of 
which IS on the ceiling of the portico in firont of a temple at 
Esneh and the other, on that in fi:ont of a small temple at Dehr 
near the same city. Towards the right hand, on entering the 
portico at Dehr and beginning with the front, the first sign is 
Virgo, then follow Libra and the rest, in order, to Aquarius ; on 
the left hand, the first sign next to the naos is Pisces and the 
last, which is at the firont of the portico, is Leo. Over the lion 
is a twisted serpent which, if intended to represent the sun, may 
indicate that the luminary was m this constellation at the end of 
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the year. In this zodiac^ as well as in that of the portico at 
Denderah, the arrangement of the figures is according to the 
order of the signs in the heavens ; Cancer or Leo, in the latter, 
being the leading constellation, and Virgo, in the other. In the 
ceiling of the portico of the great temple at Esneh, the zodiacal 
signs are in two parallel and nearly contiguous hands, extending 
between two rows of columns on the left hand side of the portico, 
on entering. The order of the figures is contrary to that in the 
other temples, and to the order of the signs in the heavens. A 
sphinx having a lion’s body and a woman’s head is the sign 
nearest to the firont of the portico and the constellations follow, 
in order, towards the naos, those in this band ending with 
Aquarius j in tlie other band, the first constellation is Pisces and 
the others follow in order towards the front of the portico, but 
after Leo come two human figures with lions’ heads, a circum- 
stance which, taken m connection with that of the sphinx in the 
other band, has given rise to an opinion that the division of the 
series of signs in the two bands w;as intended to take place in 
the middle of Leo 5 and the opinion is strengthened by the ex- 
istence of a small scarabens between Leo and Virgo, denoting, 
probably, the presence of the sun in the former of these con-^ 
stdlations at the commencement of the year. 

The principle lard down by Dr. Young in determining the 
epoch of any monument from the astionomical symbols it may 
contain, is that those symbols represent the state of the heavens 
with respect to the season of the year at the epoch sought ; and, 
in applying tliis principle to the problem concerning the anti- 
quity of the Egyptian zodiacs. Dr. Young first assumes that the 
place in the heavens occupied by the sun at the commmaoement of 
the mnmwguB retrograded through one sign in about 119 years, 
or through the whole zodiac in 1424 years, (a period founded on 
a comparison of the Egyptian, with the sidereal year ,) and then, 
considering that the former began on the day of the autpmnal 
equinox in the year 120 B.c. (130 b.c ) i it follows that Virgo 
must have been from that time till the eleventh year b.c. the 
leading sign of the zodiac, or the sign preceding that in which 
the sun was on the first day of Thoth , tfrat Libra must have 
been the leadmg sign from the year 249 b.c. to 130 b.c. and so 
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on, reckoning backward : while Leo would have been the lead-‘ 
ing signfrom 11 b.c. to 108 A.c. Cancer, from thence to the yea:^ 
227 A.c. and so on. If this celebrated and learned antiquary had 
compared the Egyptian with the tropical year, which would seem 
to have been a more correct method, the commencement of the 
annus vagus would* have retrograded through one sign in about 
125 years, and through the echptic in 1500 years. 

But, according to Dr. Young, if, in the zodiacs of Dendexah, wo 
take Leo to be the leading sign, the corresponding epoch of the 
monument will be between the year line, and 108 a#c., or in 
- an age eailier by 1500 years, or by some multiple of that number 
of years. And, in the zodiac at Esneh, if we take Pisces to be 
the leading sign, the epoch would be about the year 800 b.c. ; 
if we take Virgo, it will be the centuiy immediately preceding 
the commencement of our era, or 1500 years earlier. 

Before the discovery of the astronomical sculptures in Egypt) 
an unfounded opinion that the twelve signs of the zodiac, which 
were supposed to have been invented in that country, represent, 
allegorically, the agricultural labouis peculiar to each of the 
twelve months of the year, led M Dupuis, in his treatise on the 
Origine des cultes^^ to enquire what position of the coluxos 
would produce a correspondence of the seasons with the zodiacal 
signs ; and he finds that such correspondence would take place 
if the summer solstice were to pass through the eastern stars in 
the assemblage which forms the constellation Capricornus, This 
position of the colure is supposed by him to determine the time 
when the zodiac was first divided, which, according to the 
known movement of the solstitial points in longitude, would be 
about 15,000 years before Christ. But the behef of even the 
existence of man during the long interval between this period 
and that of the earliest records, requirmg too great a measure of 
credulity, the author of the hypothesis changed, as it is said, Ins 
idea and supposed the proper name of each sign to have been 
giyen, not from the character of the constellation occupied by 
the sun in any particular month, but from that of the constella- 
tion diametrically opposite to this, and ascending above the 
horizon at the time of sun-setting. Thus when the sun has 

* Tom. in. 
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passed througli Aries ; at the time of his setting, the constella- 
tion Libra will be seen rising and, therefore, the latter denomi- 
nation may have indicated the equality m the lengths of the days 
and nights at the commencement of the spring quarter, a circum- 
stance to which Aries has no reference : this supposition, suffi- 
ciently reasonable in itself, receives additional strength from the 
practice which has been found to prevail among the Hindus and 
Chinese, of denominating the divisions of their zodiacs in a si- 
milar manner , and, if admitted, it would thence follow that, 
since the summer solstice must have coincided with the eastern 
stars of Cancer, the origin of the Egyptian zodiac might be 
fixed at about the year 2000 before the Christian era. Such is 
the position of the colure in the circular planisphere at Dende- 
cah , and the colure of the zodiac at Dehr being supposed to 
pass through the western stars of Viigo, the epoch of this monu- 
ment would be about 2000 years earlier 

But M. Biot, in the work above quoted % having determined 
the position of the pole of the w(^ld, in the planisphere at Den- 
derah, to correspond with its place in the heavens about the 
year 713 Before Christ, takes this for the period to which the 
view of the celestial sphere represented in that monument be- 
longs ; then, by an ingenious argument founded on the positions 
of the longitudinal axes of the three temples with respect to the 
meiidian, he accounts for the diJOference in the situations of the 
leading signs in all the zodiacs, and arrives at the conclusion 
that these monuments have nearly the same antiquity. He ob- 
serves that, in the circular planisphere, the meridian line, 
which deviates from the longitudinal axis of the temple about 17 
degrees eastward of north and passes through Cancer and Ca- 
pricornus, divides the zodiacal signs in such a manner that the 
commencement of Leo is on the southern or upper side of the 
meridian with respect to the honzon ; the western signs appear 
to be descending towards the northern or inferior side, and the 
other six signs to be ascending ; and this is the order in which 
the signs are placed in the portico of the same temple, where the 
^eastern signs proceed towards the naos as if to enter the temple, 
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and the others have their heads turned in the contrary direction 
as if they were quitting it. 

But if, in the planisphere at Denderah, a line drawn through 
the centre of the circulax zodiac and the lotus stein in which 
Sirius is placed he turned in the direction of the longitudinal 
axis of the temple at Dehr, iivhich deviates irom the meridian 71 
degrees eastward of north, then a meridian line, drawn through 
the centre of the zodiac, will divide the signs so that Virgo ap- 

i 

pears to be culminating, or on the southern side of the meridian ; 
the western, or descending signs, begin with this and end with 
Aquarius ; and the ascending signs begin with Pisces and end 
with Leo ; which is precisely the arrangement of the constella- 
tions in the portico of the temple at Dehr. Lastly, if the lotus 
stem in the circular planisphere be turned in the direction of the 
temple at Esneh, which deviates jfrom the meridian 47 degrees 
eastward of north, the middle of Leo will be on the southern 
side of the meridian, so that half of thi^ constellation will appear 
to be descending and the other half, to be ascending, agreeably 
to the disposition of the figures m the rectangular zodiac of the 
temple at Esneh. 

As it is scarcely probable that these coincidences are accidental 
we may, perhaps, be allowed to consider them as arguments in 
favour of the hypothesis proposed by Biot, and to conclude that 
the intention of the artists who executed the different zodiacs 
was to exhibit a representation of the heavens about that hour 
at which Sirius arrived, by the diurnal motion, in a vertical 
plane passing through each temple. But though the epoch of 
all the monuments be thus referred to about the year 700 Before 
Christ, there are proofs that the temples themselves are of much 
more recent date. M. Champollion the Younger has recog- 
nized, in the contour of the circular zodiac at Denderah, the 
characters which express the word Autocrat ; M. Letronne, also, 
and M. Gau have discovered, in the porticos of the same temple, 
and of one of those at Esneh, inscriptions showing that the 
former was built in the time of Tiberius , and the latter, during 
the reigns of the Antomnes. Architects have, besides, observed 
that the temple at Denderah is built upon the foundation of one 
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still more ancient ; and the adyocates for the great antiqmty of 
the sculptures are under the necessity of assuming that these 
scientific decorations have been copied firom others of a like 
kind, which may he supposed to have existed on the original 
edifices. 

M. Fourrier, in his Description de VEgypte, supposes that the 
figures of lions, which so often occur among the hieroglyphics 
and statues about the temples of that country, were intended to 
commemorate the presence of the sun in the constellation Leo 
on the day of the summer-solstice ; and, imagining that as early 
as 2500 years Before Christ the sun, on that day of the year, 
had left Leo to enter into Cancer, he infers that those temples, 
mentioning particularly that of 'Isis at Philse (the approach to 
which IS ornamented with rows of lions) must have been built 
previously to that time ; but as the supposition is gratuitous, 
and we have seen that the sun was in Leo at the heliacal rismg 
of Sinus m Egypt during all the time the empire existed, the 
inference drawn by M. Foumer falls to the ground, and the cor- 
respondence of die emblems with the phenomena holds good 
for a penod much later than 2500 years before the commence- 
ment of our era. 

A taste for astronomical ornaments must have anciently ex- 
isted in Persia and India, to the latter of which countries it was 
probably brought at some period when the religion and learning 
of Egypt were extensively diffused among the nations of the 
East. A marble monument, supposed to be a Chaldean zodiac, 
having on one of its faces a solar orb with a large serpent, which, 
may be conceived to be that of Ophiuchus, besides several other 
figures appearing to represent constellations, has been dug out 
of the ruins of a palace on the banks of the Tigris near Bag- 
dad^. And in the .Philosophical Transactions for 1772 is 
inserted a letter from Mr. Caff to Dr. Maskelyne containing the 
description of a zodiac which the writer had seen in a temple 
near Cape Comorin. It is stated to consist of twelve constella- 
tions, disposed on the four sides of a square, in the centre of 
which is the figure of a man having his hands joined as m 
prayer. The constellations resemble those which we have re- 
® Maurice, Appended to the Iluins of Babylon. 
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ccived fiom the Greeks except that Gemini are expressed by 
one figure, which is that of a man having a buckler on each arm, 
and that Capricorn is represented by a ram and a fish, which it 
may bo observed, and the circumstance may be considered as 
an argument m favour of the antiquity of the monument, were 
probably the original figures by whose union that of the Greek 
constellation was formed. The near resemblance of the Egyp- 
tian or Greek zodiacs to that of the ancient Hindus and, 
consequently, the fact of an ancient communication between 
these people on the subject of astronomy is further proved fi’om 
the MS. of Aben Ezra, in which, according to Scaliger, in his 
notes upon Manilius, there is a description of a Hindu zodiac 
resembling that seen by the English traveller just mentioned, 
but wanting the sign Scorpio, and having a fisherman in the 
place of Aquanus 

Sculptured zodiacs, '•by Greek or Roman artists appear, also, 
to have been executed during the existence of the Western Em- 
pire, probably in imitation of some of those in Egypt. The 
most interesting of these is that discovered by Messrs. Dawkins 
and Wood on the ceiling of the temple of the Sun which was 
built at Palmyia in the age of Antoninus Pius or of Diocletian. 
Jn this monument the twelve signs are disposed in the circum- 
ference of a circle, but they appear to be moving in a direction 
contrary to that of the constellations in the heavens, as if a mere 
taste for variety in ornament, rather than any scientific principle, 
had been consulted in the execution. In the Mimoires de 
V Academic des Sciences for 1708, there is a description of an 
ancient planisphere which, like the last, is evidently nothing 
more than a fanciful decoration ; it was found among the rums 
of Rome and represents the noilhein hemisphere, with Ufsse 
Ma;]or and Minor and the figure of a serpent in the centre ; and 
having about it the signs of the zodiac three times repeated, m 
as many concentric circles.' 

The astronomy of the ancient Peisians appears to have been 
a branch of that which, from the country of the Chaldeans, ex- 
tended itself at some unknown but remote period to Egypt and 
Europe on the one side, and to India and China on the other ; 
and the occasional notices concerning it, which occur in the 
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Zend-Avesta, may be oiFered as proofs of the opinion that the 
study of the heavens was of high antiquity in the territories si- 
tuated immediately on the east of that which is, with much 
probability, considered as the birth-place of the science. This 
work is ascribed to a certain Zoroaster of whom no other par- 
ticulars have reached us than that he was a great legislator and, 
perhaps, the sovereign of that part of Asia : the time of his ex- 
istence, also, IS as uncertain as that of the Egyptian Hermes; 
and, probably, the name of the former as well as of the latter 
has, at different times, been applied to different individuals, 
since by some he is made a contemporary of Belus, by others, 
of Darius Hystaspes. 

In the Boundehesch, a work containing the cosmogony of the 
Parses and supposed to have been written by Zoroaster, it is 
said that Ormusd formed the light between the heavens and the 
earth : that he made the sun, moon, and stars, and divided the 
latter (probably those near the ecliptic) into twelve constella- 
tions. Each star in the zodiac is said to be seconded by 
6,480,000 smaller stais, and all these are icpresented as soldiers 
ready to make war on the enemies (of Nature). Ormusd, it is 
added, has also placed, in the four quarters of heaven, four sen- 
tinels to watch over the stars , of these Taschter guards the 
east, Satevis, the west; Venana, the south, and Haftorang, 
the north , there is said to be, also, a gieat star, Meschgah, in 
the midst of heaven for the purpose of giving further protection 
to the south when the enemy comes in great numbers^. Now 
it IS impossible to form an opinion what can be meant by this 
enemy so mysteriously announced , but the above designation of 
the stars seems to correspond with The Host of Heaven'^^ 
which IS used in the Senptures, and with the attenMnts^ or 
guards of the Supre^ne Deity , which is the denomination ap- 
plied by the Egyptians to some of the constellations and 
planets ; and it has been attempted by modern astronomers to 
prove that four of the principal fixed stars were really situated 
in, or near, the four cardinal points of the honzon about the 
year 2200 B.c. which is the period usually assigned to the first 
Chaldean observations Delambie remarks tliat the longitude 
® Zend-Ave&ta par M. AiKiuetd, Tom. II. Boundehesch. 
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of Aldebaran, at that epoch, was 11° 20', arid its latitude, 
5° 30' south ; and as Antares differs fiom Aldebaxan, in longitude, 
by six signs and has 4° 30' south latitude, it follows that these 
stars were, then, very nearly in the points of the vernal and au- 
tumnal equinoxes ; consequently one of them would be seen to 
rise near the east about the time that the other was sotting a 
little to the north, of the west. Now, it has been alleged that 
Tachter signifies the genius presiding over rain, and we hnow 
that the hehacal rising of Aldebaran was considered by the an- 
cients as an indication of approaching storms ; hence it is, with 
some propriety, inferred that this star and Antares were two of 
those alluded to in the Persian story The other two stars are 
less certain; Delambre supposes they might be Fomalhaut and 
Regulus, which were then, nearly, in the plane of the solstitial 
oolure, and the former would be visible in the south at an alti- 
tude of about 12 degrees above the horizon at Babylon, while 
Antares and Aldebaran were, respectively, rismg and setting : 
but Regulus must have been 34 degrees below the northern 
point of the honzon ; consequently invisible at the same hour, 
in that latitude. If, therefore, it was meant that the four stars 
were at once seen in the situations above mentioned, we must 
look for some other star having the same longitude as Begulus, 
but having at least 34 degrees of north latitude ; the star y in 
Ursa Major is so situated and it is possible that this might be 
the star in question. M. Badly ^ observes that the notion of 
four stars guarding the heavens seems to have extended to 
China, for, m the history of the astronomy of the Celestial Em- 
pire, it is said that there are four spints which preside over the 
four seasons, meaning probably the four quadrants of the zodiac ; 
and it is likely enough that this kind of observation would bo 
made by any people among whom astronomy was in its in- 
fancy. 

If we are to admit that the particular dispositions of the tem- 
ples at Denderah and Esneh m Egypt were really given by 
design, we shall hardly be able to avoid concurring with Dr. 
Stukely in that part of his hypothesis concerning the Druidieal 
mommaents at Stonehenge and Abury in Wiltshire, which re- 
^ Astronom. AncieAiie Eclaircsis. liv. IX. sec. 10. 
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lates to the direction of their longitudmal axes. The former of 
these is well known to consist of a great number of prismatic 
stones placed on end in the peripheries of four ellipses whose 
major and minor axes are, respectively, in the same right lines ; 
the interior ellipse enclosing an area or cella : the entrance is 
supposed to have been at one extremity of the major axis and 
opposite to it, within the area, is a stone which seems to have 
been used as an altar. The Doctor’s opinion is that the founders of 
the monument intended to dispose that axis in a direction tending 
from the south-west to the north-east, and to place the entrance 
opposite to the latter point of the horizon in order that it might 
receive the first rays of the rising sun on the day of the summer- 
solstice , it being, he observes, the custom of the ancients to 
celebrate their great festivals at that season^. The principal 
part of the work at Abmy consists of one great range of stones, 
enclosing a circular area, within which are two double circular 
ranges, respectively concentnc with each other but neither of 
them having its centre coincident with that of the former and 
containing circle: a line joining the centres of the two double 
circles is, also, supposed by Dr. Sfukely to have been intended 
to coincide with that joining the north-east and south-west 
points of the horizon ; but he observes that, m the temple at 
Stonehenge, the major axis deviates six or seven degrees south- 
ward from the north-east point and, in that at Abury, the line 
of the centre lies about ten degrees northward from the same 
point Now these different deviations, which may easily be 
conceived to be accidental, or to depend upon the situations of 
the points m which the sun first became visible, on the day of 
the solstice, above an horizon broken by the irregularities of the 
ground, are by Dr. Stukely supposed to have resulted from the 
employment of a mariner’s compass to determine the directions 
of the axes of the temples ; the needle being subject to a varia- 
tion which is different in different ages, and the priests of the 
country being supposed to have considered, erroneously, that it 
coincided in direction with the true meridian of the place. We 
conceive it unnecessary to offer any argument to disprove the 
opinion that these monuments were oriented by means of a 
Stonelicnge Restored. 
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compass, it being highly improbable that such an instrument 
would be used for that purpose, when the heavens present so 
many phenomena by which the end might be gained with much 
more ease and accuracy. 

The opinion advanced by Dr. Stukely, that the Druidical mo- 
numents of this country were erected by the priests who were 
driven from Egypt by Cambyses, though not impossible, is 
w'hoUy unsupported by evidence ; they are, however, of great 
antiquity, and works of a similar kind appear to be frequently 
met with in the East, as we learn from Giovanni Fmati, in the 
second volume of his life where it is stated that at Djerash, 
the ancient Gerasa, and at Mayn, near the Dead Sea, the sup- 
posed Baal-Meon of the Scriptures, a number of great slabs of 
stone have been set together like boxes, four standing edgewise 
for the sides and one laid flat on the top, without any sign of 
art about them except their position. There is no appearance 
that these works have any relation to astronomy, but their re- 
semblance to the Cromlechs of the north reveals an accordance 
of ideas, and affords ground to suspect that, in remote penods, 
there may have been an intercommunication between the people 
■of the widely separated regions of Syria and Britain. That the 
monuments at Stonehenge and Abuiy were not unknown to the 
orientals is rendered probable from a passage m the second book 
of Diodorus Siculus where the writer, citmg Hecateus, states 
that there is an island in the north, beyond the Celte, where is a 
sacred grove with a circular temple to which the priests rcsoited 
with their harps, to chant the praises of Apollo who, every nine- 
teenth year, used to descend and, converse with tbem. It is 
difficult to refuse our assent to the opinion, expressed by Mau- 
rice, m his Indian Antiquities'^ , tliat the statement refers to such 
works as those above mentioned, and the periodical visit of 
Apollo seems to imply that the Druids were acquainted with the 
lunar cycle ; but it wiU not be necessary to follow the author of 
the work last quoted in his supposition that the elliptical 
temples of the Druids were designed m imitation of the forms of 
the planetary orbits, or that the crescent temples in Anglesea 


^ JLiife of Finati, by Banks.. 
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and Orkney were dedicated to the Moon. We may observe 
here that the astronomy of the Greeks and Orientals seems, 
about the coromencement of the Christian era, to have reached 
title north of Europe ; for Caesar, describing the manners of the 
Gauls, says » “ the Druids teach many things relating to the stars 
and their motions, the magnitude of the earth and the universe, 
the nature of thmgs and the powers and prerogatives of the im- 
mortal gods : and it is probable that what was taught by that 
order of men in Gaul was taught also in Britain, which seems tp 
have been the chief seat of the hierarchy. 

The use of the solar year, at an early age, is ascribed by BaiUy 
to the Scandmavians on the ground that m the time of Glaus 
Magnus, about the year 1000 of our era, they were accustomed to 
celebrate on the forty-fifth day after the winter solstice a certain 
festival which, as Rudbeck asserts, in his treatise de A.tla/ntic(i, was 
originally intended to take place at the first appearance of the sun 
after being forty days invisible ; that is on the twentieth day after 
the said solstice ; and the conclusion of BaiUy is that, between 
the first institution of the festival and the time of Glaus Magnus, 
the period was retarded, with respect to the solstice, by twenty- 
five days in consequence, he supposes, of the length of the year 
being assumed at 365i days ; this retardation corresponds to an 
interval of 3300 years and, therefore, he considers that the ongin 
of the festival and the introduction of the solar year in that part 
of the world took place about the year 2300 Before Christ. But 
M. BaiUy should have remarked that by using a year of 365 
days the celebration of the festival would anticipate the season 
by about a quarter of a day yearly, and this, at the end of about 
1430 years, would bring it to the forty-fifth day after the solstice; 
consequently its first institution might be dated from about the 
year 400 Before Christ. And, if we consider that the climate in 
which the sun remains below the horizon during forty days 
passes through the middle of Lapland, it wiU not appear proba- 
ble that the festival m question should have any pretensions to 
a higher antiquity. 


* De BeUo Gallico, Lib. VI. sect. 13. 
t BaiUy, Astr. Anc. Edairciss. hv. III. sect. 2. 
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CITAPTER VIII. 

ORIGIN OF ASTRONOMY AMONG THE GREEKS. 

A tteory of the celestial mOTcments developed in the Greek astronomy. 

The Gieek astronomy probably derived from the Egyptian. — Thales esta- 
bhshed the first school of Greek philosophy — ^Works ascribed to him.— He 
pi edicts an eclipse of the sun. — Tenets of Anaximandei. — Removal of the 
school of Thales to Athens - Theory of the universe ascribed to Anaxa- 
goras. — Opinions of this philosopher concerning the stability of the heavenly 
bodies.— Sentiments of the Greek astronomers concerning the sun and 
moon. — A supposed change in the position of the earth’s axis — An opinion 
concerning meteoric stones.— Doctrines of Anaximenes.— The school of Py- 
thagoras in Italy. — Opinion of the mobility of the earth —Of an antochthone 

and invisible planets Harmony of the celestial spheres - Hypothesis of 

vortices proposed by Democritus.”*The lunar cyde of Philolaus.— The cydes 
of Meton and Cahppus. 

In aitemptuig an account of the ancient astronomy of the East 
we have been compelled, irom the paucity of documents, to de- 
scribe the probable rather than the real march of discovery, and 
to reason from conjectures rather than from facts : we now pro- 
ceed to consider the astronomy of the Greeks and later Egyptians 
whose yet existing works exhibit the progress of the human 
mind in investigatmg the laws of the celestial movements, and 
in inventing a mechanism which may represent them. We 
must not, indeed, expect to frnd a complete development of 
that principle by which, in the ago immediately preceding our 
own, the trae cause of those movements has been explained and 
the constitution of the universe made evident i yet we shall per-- 
ceive so many hints, obscurely mdeed announced, but indicating 
a conception of the hypotheses now generally admitted, and of 
the facts which recent observations have confirmed, as almost to 
justify Ae opimon entertained by'a late French author that the 
most important discoveries ascribed to the modems originated, 
or were recognized, in the schools of Greece. Rut though it is 
certain that such an opinion is not supported by a reasonable 
interpretation of the expressions used by the ancient philoso- 
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phers, yet we sliall find sufficient cause to admire the sagacity 
whicli, with observations of so rude a nature as those they had 
it ill their power to mate, and with a calculus so far inferior to 
that which we now possess, enabled them to account for so many 
of the phenomena of the heavens, and to ofier so feasible a solution 
of the great problem of the celestial motions. It must also be 
observed that the system of the universe mvented in those 
schools maintained its groimd during more than two thousand 
years, and only yielded to tlie improvements made in the instru- 
ments of observation smee the revival of learning in Europe. 
These improvements, joined to the happy adoption of a principle 
either unknown or but httle regarded before his lime, permitted 
Newton to unfold a theory which is not likely to be shaken 
during the continuance of that order of things which it has so 
satisfactorily explained. 

All the more ancient hypotheses may be said to have had their 
use m connecting together the results of individual observations; 
and thus, have contabuted, in some measure, to the progress 
of science ; but it was impossible that they should stand when, 
by multiplied observations, the minute irregularities in every 
part of the orbit of the Moon, or of each planet, were discovered. 
The first two principles, the circular and uniform motions of 
celestial bodies, were arbitrary assumptions, and the original 
system formed upon them was insuflicient to account for any 
but the most obvious phenomena , and, instead of being able to 
deduce from it the explanation of any newly observed inequality 
of motion, astronomers were obhged, for this purpose, to make 
additions, in the nature of excrescences, to the machinery before 
imagined. These additions, however, did not, as may he sup- 
posed, combme with each other and with the original hypothesis 
so as to satisfy the different phenomena, and, in fact, it hap- 
pened that while one inequality of motion was explamed by 
them another was contradicted ; they, moreover, at len^h ren- 
dered tlie machinery of the heavens unmanageably complex, 
and, therefore, neaily useless for the purpose of facilitating astro- 
nomical computations, long before it was superseded by the 
modem theory of gravitation. 

The writings of Homer and Hesiod contain all that is known 
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of the first state of astronomy in Greece : and this amounts, as 
we have said, to little more than the names of a few constella- 
tions, the princip^ of which Homer has mtroduced in the fifth 
book of the Odyssey, where Ulysses, in his baik, on leaving 
Calypso, is made to observe, “ the Pleiades and Bootes, the 
Hyades and Bold Ooion; the Bear which is called the Wain ; 
the unwearied sun, and the full moon, and all the stars by which, 
like a crown, the heavens arc surrounded.” We may, therefore^ 
conclude that, in the age of those poets, the science was at its 
birth in that country; or that the Gieeks had just then received 
its elements from some other people. 

Little doubt can be entertained that the Greeks denved their 
first notions of the sciences, particularly of astronomy, firom 
Egypt or Syria, either by means of intelligent men of their 
nation who travelled into those countries to seek for information, 
or by means of the chiefs who, for the purpose of conquest or 
colonization, conducted their warhke bands from thence towards 
the west. We are aware that the expeditions, and even the 
existence of sucli. men as Uranus and Atlas as well as the 
exploits of Sesostns, have been called in question, but surely 
without sufficient reason , since, durmg the many ages m which 
theprofessionof aims enjoyed the highest consideiation, and when 
the rapid increase of the human race rendered emigrations abso- 
lutely necessary, it is inapossible that multitudes should not have 
abandoned their native soil, though no account of their move- 
ments has been preserved; on the contrary, it is in the highest 
degree probable, not only that the tide of conquest should have 
flowed into the remotest accessible regions, but that the arts and 
sciences of the more enlightened people should, by such means, 
have been communicated to those who were less so ; on this 
account we cannot hesitate to admit that what is related by 
Diodorus Siculus concerning those personages may have some 
foundation in truth. In his third book he informs us that 
Uranus, who held in subjection a great portion of the earth, 
towards the west and north, applied himself to the observation 
of the risings and settings of stars , that, from the movements of 
the sun and moon, he taught the length of the year and it's 
division into months ; and that, in consequence of the admira- 
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tion excited by his knowledge of celestial things, divine honours 
were paid to him and the universe was called by his name. In the 
same book it is related that Atlas extended his conquests to the 
regions in Africa bounding the Western Ocean, and gave his name 
to a mountain in that part of the world. It is added, as a 
report however, that he had an exact knowledge of astronomy 
and that, because he had executed an artificial sphere represent- 
ing the heavens, he was supposed, and the opimon is alluded to 
by Aeschylus, to have earned the universe on his shoulders. In 
the fourth book it is stated that Hercules introduced the know- 
ledge of the celestial sphere to the people of Greece, and that he 
was said to have received the burthen of the universe from 
Atlas , which seems to imply that one of the labours of the hero 
consisted in communicating to the Greeks a knowledge of the 
sciepces which he had acquired m some expedition towards the 
west. 

It is evident, however, that astronomy could not have been in 
a state of matunty in the East at the time the' Greeks received 
it fi-om such of their countrymen as had studied among the 
Egyptians or Asiatics ; since, if it were so, those persons would 
have imparted it in a more advanced condition than, by the 
accounts which have been transmitted to us, we find it to have 
been ; for what they taught on their return appears to have con- 
sisted only of a few simple and elementary circumstances, and 
there is no hint given that they had acquired the knowledge of 
any thing more profound. 

The first intimation we have of any Greek professing the 
science of astronomy is contained in the works of Herodotus, 
and consists m the mention of an echpso of the sun which had 
been predicted by Thales, a native of Miletus in Asia. A short 
account of the hfe of tins philosopher is given by Diogenes 
Laertius, who relates of him’ that, when a youth, he was one 
day led out of the house for the purpose of contemplating the 
stars and, fallmg into a ditch, his conductress exclaimed, “ wJii/, 
O TJuiles, do you seek to cemprehend tJte things which are m the 
heavens when you are mi able to sec those before your eges 
The story, which is alluded to by Socrates in Plato’s dialogue 

In vita Thaletis. 


X. 
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Theactetus, lias tlio air of an invention^ but soinetbiiig remarkable 
is generally related concerning the early life of persons who 
have distinguished themselves by supenonty of talent, and there 
is nothing to prevent our giving as much credit to this as to 
many others of a similar nature : if true, the exclamation may 
indicate either a sarcastic, or a moralizing spirit in Thressa, the 
attendant, and it affoids, at the same time, a proof of the mclina- 
tion of her young charge to philosophical pursuits. 

After performing the duties of a citizen Thales employed 
himself in the study of the system of nature, but Diogenes 
observes that he left behind him no monument of his discovenes, 
and that whatever is known concerning him is drawn from the 
works of Phocas the Samian. He is said, for the purpose of 
acquiring information in philosophy, to have made a voyage to 
Egypt; yet, by a strange^ inconsistency, it is asserted that he 
taught those who were his masters in the sciences how to mea- 
sure the height of the Pyramids by the length of the shadows 
they cast, which is one of the most simple examples of practical 
geometry . the truth probably is that, in Egypt, Thales learned 
this, among other subjects connected with the elements of 
astiononiy. On his letum to his native country he made a 
profession, after the manner of learned men in those times, of 
giving public instructions to such as chose to become his dis- 
ciples, on which account he is spoken of as the founder of the 
Ionian school and the father of the Greek philosophy. 

If we may depend upon the obscure hints contained in the 
works of those authors who have incidentally made mention of 
this philosopher, it would appear that, in his time, the form of 
the earth was lecogmzed, for he is said to have asserted that it 
was globular and that it was situated in the centre of the 
universe. It is added that he supposed the fixed stars to be 
attached to the surface of a sphere, and, according to Plutarch^, 
he divided the eaith into five zones and described the situations 
of the Equator, the Tropics, the Arctic and Antarctic circles : if 
these circumstances be true they prove that this manner of dividing 
ftte visible heavens, for the purpose of distinguishing the rela- 
tive portions of the stars, had then been adopted ; the last two 

^ ^ De Placitis Pliilosophorum, Lib. II. cap. 12. 
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circles, however, in the time of Thales and long subsequent! j, 
had not the same signification as at present, since they were 
applied to those parallels of declination beyond which, in the 
northern and southern hemispheres respectively, were situated 
those stars called circumpolar; that is, which towards the 
north, in any given latitude, never set, and towards the south, 
never rise. 

Diogenes Laertius relates that there were ascribed to Thales 
two works concerning the equinoxes and solstices ; and it is in* 
ferred that he had made observations to determine the days of 
their occurrence in order to ascertain the length of the year : 
this IS by no means unlikely, but the result of his enquiries is 
entirely unknown. He is, also, said to have attempted to give 
an account of the physical constitution of the universe ; and by 
Cicero % who designates him the first (Greek) enquirer concern* 
ing these things, he is made to assert that water was the 
pnmitive element, of which the Deity made all things in nature ; 
from this hypothesis, but in a much earlier age, is said to have 
originated the fancy that tlie earth rested on the ocean like a 
boat. 

But what most particularly distinguished Thales is the above- 
mentioned prediction of an echpse which, as the phenomenon 
occurred at a critical moment, naturally excited consideiable 
attention, and must have added greatly to the leputation of the 
philosopher. Herodotus, who relates all that is known of the 
circumstances, observes that in the midst of an action which 
took place in the sixth year of the war (between tlie Medes and 
Lydians) the day was suddenly changed into night : — Ta Imco 
sTBi yevo/xfiVnj, (TVVrivBiKB Sig tb ryjg (TVVBa-rB&angy twv 

iiarnwg vmra ymcrOai, ^ He adds that Thales the 
Milesian had predicted the year in which the eclipse would 
take place and that the hostile armies, when they saw the 
darkness, desisted from the battle. This echpse has been 
the subject of much discussion. The father of history neither 
mentions die particular year nor month when it ocemred; 
but, as it was probably total, or nearly so, this circumstance has 
afforded some clue to guide modem astronomers m the research ; 

® De Nat. Beomin, Lib. I. cap. 10. ^ Clio, sect. 74. 
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and, calculating by the tables at present in use^ they have 
arrived at the conclusion that the eclipse might have happened 
in the year 585, 603 or 621 Before Christ. Cicero^ and Pliny 
say that it tooli place during the reign of Astyages. It is probable 
enough that Thales announced tlie tune at which the phenomenon 
would occur within a month : for, as is obscived by Delambre, 
this was in his power, with the aid of the cycle of 18 years, a 
hno^^ ledge of which he might have obtained in Egypt ; and the 
silence of Herodotus respecting the time may be accounted for 
by supposing that it did not enter into the plan of his work to 
record the particulars minutely. Two other eclipses are said to 
have been piedicted by the ancient Greek astronomers ; one by 
Eudemus, the author of a history of the science, winch is lost, 
and the otlier by Helicon of Cyzicene who, according to Aris- 
totle^, announced to Edng Dionysius the time of its occurrence, 
which is said to have happened conformably to the prediction. 

The Ionian school which had been founded by Thales seems 
to have produced several celebrated men, among whom Anaxi- 
mander, Anaxagoras and Anaximenes are particularly mentioned 
as persons who cultivated and taught the science of tho stars : 
no recoid, however, remains, of any celestial observation made 
by these philosophers, and the accounts we have of their works 
only shew that, from such data as then existed, they reasoned 
profoundly on the constitution of the universe. 

Anaximander was born about 600 years before Christ and, 
therefore, probably, he was the disciple and immediate successor 
of Thales: like his distinguished master he considered the 
earth as isolated in space, and according to Diogenes Laertius‘S, 
both of these philosophers maintained that it was of a globular 
figiuo. These are the first occasions on which we find the sphe- 
rical form of the earth distinctly asserted and, perhaps, tho 
opinion has no better foundation than a fortunate conjecture; 
for though the curvature in every direction, firom the place of a 
spectator, might easily be inferred from the appearances presented 
by a lofty object, as the mast of a ship, when approaching to, 
or receding from him ; and the curvature in the direction of the 

^ De Dmnatione, Lib. I. ^ Nat. Hist. Lib. I. cap. 12. 

® Be Ocelo, Lib. H. cap. 6 In loc. cit. 
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meridian is evident from the fact that the same stars^ when in 
that plane, change their apparent altitudes with a change in the 
place of the observer ; yet, as the part of the earth’s surface then 
known bears but a small proportion to the whole, the generality 
of the inference must have admitted of doubt ; and we find that 
the reason alleged for the sphericity of the earth must have been 
far from carrying conviction to every mind, since Leucippus and 
others entertained the opinion that it was cylindrical, or had the 
form of a column. But the tenet which, really, does honour to 
the judgment of Anaximander is that of the earth’s movement 
about its axis ; an hypothesis which he is said to have main- 
tained, though his arguments in support of it have not been 
preserved. Anaximander must, consequently, have succeeded 
in the difBcult task of overcoming the prejudices of his senses ; 
he must have elevated his mind to the conception that the 
diurnal motion of the celestial sphere is only apparent, and that 
the appearance is caused by that of the earth in a contrary 
direction ; a bold step in that age when a number of facts by 
which the truth of the hypothesis might have been estabhshed 
were entirely unknown. 

The same philosopher held a sound opinion relative to the 
moon for, according to Diogenes Laertius, he taught that she 
shines by a light reflected from the sun : if, however, he could 
rAise himself to this idea, it seems that he failed in persuading his 
contemporaries of its justness, since we find that, about the same 
time, very absurd notions were entertained concerning the phases 
or appearances of that luminary. Ho failed also, as might be 
expected, in his determinations of the magnitudes of the celestial 
bodies ; for we leam from Diogenes Laertius and Plutarch that 
he supposed the sun to be equal in bulk to the earth, and to be 
constituted of fixe, or rather, within its mass, to contain a fire 
which radiates in every direction from apeitaes in its surface. 
He asserted, also, that the circle of the sun, meaning, as Casau- 
bon supposes, its apparent yearly orbit, was twenty-eight times 
as great as the earth, a remarkable instance of the very inaccu- 
rate notionsdhen entertained of the universe. 

Anaximander also appears to us m the character of a practical 
astronomer and geographer. Diogenes Laertius relates that he 
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set up a gnomon at Lacedaemon, and observed the times of the 
equinoxes and solstices , but, probably, this was not the first in- 
strument of the kind in Greece, since the same writer affirms 
that Pherecydes, who was contemporary with Thales, had con- 
structed, in the island of Scyrus, a machine, which could have 
been no other than a gnomon, for showing the conversions of 
the sun, that is, the days of the solstices It is added that Anaxi- 
mander described the boundaries of the land and seas, and exe- 
cuted a horoscope / or planisphere and an artificial globe: the 
former, probably, was of the same nature as the sculptured 
zodiacs in the Egyptian temples, and the other may have been 
intended to represent the surface of the earth or heavens These 
mimic worlds have, ever since, been of general use and may, 
certamly, be reckoned among the most pleasing works of art, by 
enablmg the student to contemplate the phenomena of the celes- 
tial bodies in the closet, or the fgrms and situations of remote 
regions of the earth without removing from the place he in- 
habits. 

Soon after the time of Thales it is probable that the philoso- 
phers professing the doctrines of his school found, among the 
people of Athens, who then, under the government of Pericles, 
began to rank high in pohtical power, m sciences and arts, and 
in refinement of manners, a more ample field for the display of 
their talents than that afforded by an Asiatic town ; for it ap- 
pears that, during the reign of this magistrate, Anaxagoras 
transferred the Ionian school from Miletus to that city, where 
he, unfortunately, though professing, as Jambhehus relates % to 
desire life only that he might contemplate the heavens, suffered 
persecution for his philosophical opinions on the giound tliat 
they were inimical to the rehgion of the state : he was sentenced 
by the Athenians to die, but the punishment of death was, 
through the interest of Pericles, commuted for peipetual banish- 
ment. The fate of the Greek philosopher resembles that of Ga- 
lileo who, in a later and more enlightened age, and when men 
were under the influence of a rehgion which consists rather in 
pmity of heart than in the belief of any particular dogmas was. 


* Pe vita Pythag. Jjib. II. Cap. 8. 
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also, the victim of spiritual tyranny, It is piobable, however, 
that the troubles m which the ancient, as well as tire modem 
sufferer were involved, are to be ascribed to some indiscretions, 
by which they had rendered themselves personally obnoxious to 
the ministers of religion, rather than to any impiety with which 
their philosophical speculations could be charged. 

In his writings concerning the constitution of the universe, 
Anaxagoras seems to have set out by assuming that nature al- 
ways acts in the most perfect manner , a principle to which the 
Greek philosophers, at all times, adhered ; lie fiom thence con- 
cludes that the actual phenomena can be no other than they 
are ; and he does not attempt, or, probably, he thought it im- 
possible, to give any other reason for their existence : this defect, 
however, was felt by the wisest men of that and the following age, 
who expressed an ardent desire to know something of the se- 
cond causes which are opeiative in the works of natuie. In 
Plato’s dialogue entitled Phaedo, Socrates is made to tell Cebes 
that he had perused the works of Anaxagoras in expectation of 
finding whether the earth was broad or round, probably mean- 
ing whether it was of a plane or globular form, and whether it 
was in the centre of the universe or not : ho adds that he was 
extremely desirous of knowing the cause of the existence of ajl 
beings, but he owns that he was disappointed ; for, says he, 
Anaxagoras only asenbes them to the power of the Supreme 
Intellect, which has arranged them in their loroper ranks and 
classes, and disposed them in the best possible manner. This 
kind of explanation seems to have pievailed among the learned 
almost to our own times, and abounds in the writings oi Aris- 
totle who, however, seems to have merely adopted a principle 
which long before had been assumed. 

We perceive, from what Socrates has said, that Anaxagoras could 
not have been condemned under pretence of Atheism, since he ad- 
mits the existence of a Supieme Intellect, though he might have 
denied the divinity of the bemgs which were the objects of worship 
in the heathen world. We learn, also, that the Greeks, about this 
time, were familiar with the notion that the earth is not coinci- 
dent with the centre of the universe though, further on, Socrates 
considers the opinion that it is so as one which was very gene- 
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rally admitted among philosophers, and he endeavours to give 
Simmias a reason why the earth should remain unsupported in 
space • his argument is that the earth requires no air to prevent 
its falling since it is, as it were, wrapped about and pressed 
equally in every direction by the universe. It appears from this 
expression that Socrates thought the earth was held in eqmUhrto 
by equal and opposite forces acting upon it from all the celes- 
tial bodies ; a notion which seems to coincide with that ascribed 
by Plutarch % to Parmenides, who, in explaming the cause of 
the earth’s stability, is made to say that no reason can be given 
why it should fall to one side rather than to another ; and there- 
fore, it rests. An allusion to the support of the earth by the air 
is found also in the Clouds of Aristophanes, where the chorus is 
made to addiess that element as a “ great king who holds the 
earth suspended”; and it would seem that there were, then, 
many persons who thought the earth was kept in its position 
by winds tending towards it from every part of the surrounding 
space ; a fancy which Achilles Tatius ^ illustrates by observing 
" that a grain of com remains at rest in the middle of a bladder 
when, on blowing into the latter, the wind is reflected from its 
interior surface towards the centre. We may add, however, in 
this place, that Tatius, in explaining the cause why the universe 
remams at rest m infinite space, makes Chrysippus observe Uiat 
it consists of four elements, earth, water, air, and fire, of which 
the two former, occupying the centre, ai*e endowed with gravity, 
or have a tendency to descend, and the two latter, surrounding 
the others, are endowed with levity, or have a tendency to 
ascend : he then compares the umverse, thus compounded, to a 
mass composed of two such bodies as lead and cork, of equal 
weights, bound together; and states that if this mass were 
thrown into the sea the lead would prevent it fi:om rising to the 
surface and the cork would prevent it from sinking, whence, 
consequently, it would remam at rest at any depth ; from which 
^ circumstance the quiescence of the universe is meant to be in- 
ferred. But the opinions of the Greeks were, at aH times, far 
from being settled on the subject of the stability of the earth. 

- ^ De Flacitis, Lib. III. Cap 15 

^ Isagoge, Cap. IV. in Potav. Uiauolog 
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Plutaxch® and Achilles Tatius*^ state that Xenophon and 
Xenophanes considered it to be infinitely deep in one direction ; 
and^ consequently, maintained that it could not fall , and Dio- 
genes Laertius ascribes to Thales the opinion that it was sus- 
tained by, and floated on, the waters* But the more general 
argument held out in support of the immobility of the earth was 
that, since heavy bodies tend towards its centre, that centre 
must be fixed in space ; yet, according to Laertius^, Democritus 
proposed the notion that the earth was continually falling : in 
fact every possible opinion appears, at one time or another, to 
have been held, in the ancient schools, respecting the place oc- 
cupied by the earth among the bodies of the universe. 

The opinions of men who are m nearly corresponding con- 
ditions with respect to civilization and arts or sciences are found 
to be nearly allied to each other , and we may, in what we have 
learned of the sentiments of the Hindus, trace many points of 
resemblance to the notions of the Greeks and Egyptians. 
Thus wc find that the Jainas, an ancient people of India, had 
used in their writings expressions which led their commentators, 
in later times, to suppose they held an opinion that the earth 
performed a revolution in space r but Bhascara, one of those 
commentators, who lived in the twelfth century of our era, has 
endeavouied to shew that such expressions had no other mean- 
ing than that the earth, being heavy and without support, must 
continually descend; and that they had no relation to any 
movement of revolution. Bhascara himself, however, demes 
that the earth can be continually falling; and urges, as an 
argument against the opinion, that if so, an arrow shot vertically 
upward would not return when the proj ectile force was* expended, 
since both earth and arrow would be descending : and, he ob- 
serves, it cannot be replied ‘^Ihe earth moves slower and is 
overtaken by the arrow ”, for the heaviest bodies fall with the 
greatest velocity, and titic earth is heavier than the arrow ; 
therefore cannot be overtaken by it ®. 

The enquiry into the cause of the circular motion of the 

Bo Placitis, Lib. III. Cap. <). Isagoge, uhi suprL 

*' In, vita Thai. ^ 

® Asiatic liosoarcbcs, VoL XII. On the notions of tbe Hindus. 
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heavens is now for the first tinae alluded to, and it is probable 
that, more anciently, it was thought a sufficient explanation of 
this kind of movement to say that it is peculiar to incormptible 
bodies such as the stars, while motion m a rectilinear direction 
is peculiar to terrestrial substances. Theon, the commentator of 
Ptolemy, has expressed this opinion which, however, bears the 
mark of the older schools of Greece, and he has illustrated the 
latter part by the fact thatj of the bodies near the surface of the 
earth, heavy ones tend in right lines from the circumference 
tovrards the centre and light ones in a contrary direction. But 
Anaxagoras, in reply to the question why the celestial bodies do 
not fall from their places towards the earth, asserts that their 
actual state is preserved by the rapidity of their movements ; 
and, though we have no reason to think that this philosopher 
understood the laws of centripetal and centrifugal forces, yet his 
assertion indicates an idea that a revolving body might be held 
in equilibria between such forces. That a body moving in the 
circumference of a circle endeavours to recede from the centre is 
a fact which could not escape the notice of the ancients, who 
were so familiar with the use of slings m discharging stones ; 
and Plutarch actually makes Anaxagoras compare the motion of 
the moon round the earth to that of a stone in a sling, which, 
he observes, is subject to the action of two forces at once \ 
meaning the retaining power of the cord and that by which, in 
consequence of the movement of the hand, the stone tends to 
escape in the direction of a tangent to the cmve it describes. 
Tlie idea that a revolving motion is produced by the actions of 
two forces in rectilinear directions must, therefore, have been 
entertained at this time, and we can readily admit that Anaxagoras 
drew from thence the opinion which has been ascribed to him 
concerning the stability of the universe. Anstotle ^ states that 
Empedocles and other philosophers held a similar notion, and 
he illustrates it by tlie well known fact, that water in an open 
vessel will there remain while the vessel revolves about a centxo 
though, in some part of its revolution, it may become inverted. 

Diogenes Laertius says that Anaxagoras considered the sun 
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to be a burning mass of iron larger than the Peloponnesus ; an 
opinion which implies that the sun is at a distance from the 
earth only equal to about nine or ten diameters of the latter ; 
but it is probable that such an expression was merely intended 
to convey, to the umnformed populace, a notion tliat the sun 
was of immense magnitude by comparing it with an extent of 
territory which in those days was, no doubt, familiarly spoken 
of as very considerable. Archelaus, who was of the Ionian 
school and contemporary with Anaxagoras, is said to have 
maintained the more reasonable •opinion that the sun was of the 
same matenal as the fixed stars ; but this was, perhaps, simply 
an inference from the general notion that all the heavenly bodies 
were of the nature of fire. According to the writer above- 
mentioned, Anaxagoras offered a conjecture that, like the earth, 
the moon had habitations, hills, and valleys ; an opinion also 
expressed in some pretended Orphic verses prcseived by 
Proclus. 

Mia-ocro S’ 'yecictt amlfurov, nm o’sXijvijv 

’ Si ri 

"H 9ro?iX’ otfs’ ‘PC'G 'VoAA’ curria., woTAa, ji*EX»Gga. * 

“The Father made another earth called Selene by the im- 
mortals, but, by men, the moon, containing many mountains, 
cities and mansions.” And it may readily be conceived that 
such notions would be formed at the first view of her disc ; for 
the light and dark spaces which are so visible to the naked eye 
naturally suggest the notion of an elevation and depression of 
suifacc, and an easy analogy would lead to the supposition that 
this celestial body was inhabited, when the resemblance of her 
surface to that of the earth was perceived. It is weE known 
that tins supposition has continued to be popular even to our 
own days, though the constancy of her features and the absence 
of any collections of water, like the seas of the earth, the 
existence of which the most powerful telescopes have not been 
able to detect, nearly demonstrate that the contrary is the fact. 
Plutarch, who seems, in his work De Facie qum in orie Lmm 
aj^aret, to have collected the opmions of most of the distin- 


* Proclus in Timseum, Lib. III. 
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guished men among the ancients concerning the heavens, repre- 
sents the spots which appear on the surface of the moon, and 
which, he observes, constitute figures resembhng eyes and bps, 
as deep cavities, like the gulfs of the earth, which the light of 
the sun does not penetrate, he concludes that this celestial body 
may have water and air, and that it may produce and nourish 
animals endowed with respiration and heat. 

Nearly the same ideas have been expressed by some of the 
astronomers of the present day, who observe that the mountainous 
scenery of the moon bears a strong resemblance to that of the 
Alpine regions of the earth , and they consider the cavities as 
the beds of seas which have once existed in that luminary. Mr. 
Schrenfer, believing that he has discovered an atmosphere about 
the moon, and conceiving that she may enclose a liquid propei 
for the support of organized bodies, boldly asserts that this 
celestial body is the abode of living and intelligent bemgs, ot 
whose existence he thinks he has discovered certam indications*. 
If this astronomer had lived in the days of Pythagoras or Plu- 
tarch he probably would have added, in the words of the latter, 
“ the intelligent beings who inhabit the moon are of slender 
forms and are capable of receiving support fiom any aliment 
whatever" But, however interesting may be the picture he has 
presented, of the supposed state of nature in the moon, it is too 
certain that his opinions on this subject are iU supported by 
observation, and we are rather disposed to consider our satelhte 
as the mere nucleus of a world, a mass of naked rock destitute 
of any of the elements capable of supporting animal or vegetable 
life. We must not omit to observe that Empedocles is said to 
have considered the moon as a fragment struck off from the sun; 
a notion smee entertained by the celebrated Bufibn concerning 
the earth, moon and all the planets. Vitruvius, in his treatise 
on Architecture, says that a certain Berosus, whom he desenbes 
as a lecturer on philosophy, in Asia, taught that the moon was a 
globe, half luminous and half of a blue colour; and that, when it 
approached the sun, being attracted by the force of his rays, it 
turned its bright side to that luminary and became invisible to 

® Vouon, Hist, de 1’ Astronomie, Art. II. 

^ AcMUes Tatius, Isagoge, Cap. XVI. ^ In Petiav. Uranolog. 
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US, from the colour of the other part being confounded with that 
of the air. It is probable that Vitruvius borrowed this account 
from Cleomedes who, besides ascnbing the notion to Berosus, 
makes the latter assert that the moon has several movemeilts, 
and he particularizes the diurnal motion, the motion in longitude 
and latitude, and the rotation on her axis ^ : this expression, if 
understood in the sense assigned to it by modern astronomers, 
would seem to indicate that the ancients, from the fact that the 
moon presents to us always the same face, had arrived at the 
conclusion that she revolves on her axis in the same time that 
she makes one revolution about the earth. Cleomedes adds “ it 
was well known to the ancient philosophers that the moon is 
enhghtened by the sun”, and he derives her name, from 

because she is contmually acquiring new phases by his 

hght. 

We may here remark that the Greeks, when their writings or 
discourses were not intended for the learned, seem, in speaking 
of the heavenly bodies, to have occasionally expressed them- 
selves in terms adapted to the ideas of the vulgar; and it appears 
diat some among them, erroneously taking such expressions in 
the literal sense, have seriously set themselves to refute the 
opinions they convey. Thus, the disciples of Epicurus are 
supposed to have asserted that the sun, moon and stars are no 
larger than they appear to bo ; and, though no one can believe 
that such a notion was really held by a person having any pre- 
tensions to the character of a philosopher, yet Cleomedes^ 
gravely argues against it from the fact that, when the sun is 
rising behind a mountain, the edges of his disc are often, at the 
same time, visible on the opposite sides of the mountain ; and 
the inference is that the sun, though, apparently, only about one 
footin (hameter, must be, m reality, larger than the mountain 
itself. 

The returns of the sun at midwinter and midsummer from the 
tropics towards the equator, without any visible cause, appear 
to have excited some attention among the ancients in the infancy 
of the Greek astronomy: and we learn from Plutarch that 

He Mtmdo, Lib. TI. De Lunae Propmquitate 
^ XJt suprsi. ^ n© PlEcitis, Lib. II cjip. 23. 



ORIGIN OF ASTRONOMY [CHAP 

Anaxagoras endeavoured to account for them by supposing the 
dense air of the polar regions to resist the passage of the sun 
northward or southward of those parallels of declination. In the 
life of this philosopher, by Diogenes Laertius, it is alleged thal 
he supposed the stars were attached to the superficies of a dome 
which revolved, originally, about an axis perpendicular to the 
horizon, and that subsequently, the axis became inclined to thal 
plane : this, which is quite inconsistent with the opinion thai 
the earth is of a globular figure, may seem, however, at first 
sight, to imply a knowledge that the earth’s axis was subject to 
a change of position; but it is very ceitain that there then 
existed no means of ascertaining this fact, and it is probable that, 
in the effort to exhibit a system of the universe possessing the 
utmost simplicity, the observed obliquity of the axis, alone, sug- 
gested the notion of its former perpendicularity. At a period 
long subsequent to the time of this philosopher, when the 
variation in the position of the earth’s axis was discovered, it 
immediately occurred to astronomers that there noight have been 
a time when the axis coincided with that of the ecliptic, and that 
there might come a time when it would be again in that situa- 
tion. Impressed with this idea, men of lively imaginations found 
pleasure in contemplating a state of society on the earth when 
the temperature of the spring season should prevail during many 
ages ; but an improved analysis has now dispelled the reverie, 
and shewn that such coincidence never did, nor can, take place. 

From a meteoric stone which, according to Pliny, fell, in the 
days of Anaxagoras, near the river Egos in Thrace, this philo- 
sopher is said to have imagined that the stars were formed ol 
material substances which exhale fiom the earth ; probably 
meaning that the planets arc of the same nature as the earth, 
and that detached portions of them are occasionally thrown 
upon it, opinions not very remote from those which are, even 
at present, entertained. For, setting aside the common notions 
that the meteonc stones are formed in our atmosphere, or pro- 
jected from volcanoes in the moon , since the discovery of the 
four new planets between the orbits of Mais and Jupiter, which 
are thought to have been produced by the explosion of some 
great planet formerly existing m that region, philosophers have 
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been led by analogy" to ascribe the descent of tliese stones to the 
same cause ; a number of little fragments were detached, they 
suppose, along with the greater masses and, being thrown beyond 
the limits of the attractive powers existing in the larger frag- 
ments, they fall upon the surface of the earth when they happen 
to arrive within the sphere of its influence. The nature of the 
aeroliths affords some argument in favour of this hypothesis, for 
they consist of sulphur and ferruginous matter and possess the 
magnetic virtue ; qualities which are believed to charactenze 
the substance constituting the mtemal part of the earth and, 
probably, of every planet. 

Anaximenes, the last astronomer who was considered as a 
disciple of Thales, was bom about 530 years before Chnst. His 
sentiments concerning the constitution of the univeise appear to 
have been nearly the same as those held by Anaxagoras, for 
what is said of one is, also, asserted of the other, and, indeed, it 
must not bo supposed that every opinion ascribed to cither of 
the Grech philosophers by name was actually maintained by 
him exclusively ; the ancient writers often attributing to an in- 
dividual the doctnnes which were common to many persons of 
the same school. Plutarch ‘ states that Anaximenes first taught 
the materiality of the heavens ; and, , according to Diogenes 
Laertius, he asserted that the stars moved not above but about 
the earth ; an expression which seems to indicate that he was 
opposing a vulgar notion concerning the revolution of the celes- 
tial bodies within a vault resting on the earth as a basis. But 
Pliny relates of Anaximenes a circumstance of more importance 
than his speculations upon the nature of the universe, which is 
that he set up, at Sparta, an instrument to serve as a sun-dial ; 
of what kind it may have been we are entirely unacquainted 
and, possibly, it was that which Diogenes Laertius ascribes to 
Anaximander ; but, if it was used for the division of days into 
portions, it would follow that the Greeks must, then, have ac- 
quired some knowledge of the regulanty of the solar movements 
and of their application to die measurement of time. A simple 
gnomon casting its shadow upon a horizontal plane might be 
that which is meant, and the hour lines may have been traced 
® Pe Placiti8, Lib. III. cap 10. 
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mechanically, without the aid of any rale^ derived from theory ; 
but it IS conceivable that the dial might have been of the tmd 
now called equatorial , that is, it might consist of a circle whose 
plane was parallel to that of the equator : on such a plane the 
hour lines make equal angles with each other and, therefore, 
could be easily traced ; and the style, by whose shadow the 
hours are indicated, is perpendicular to the plane of the circle. 

Pythagoras is the next distinguished philosopher of whom any 
account remains, and he is as much celebrated for his discoveries 
in pure geometry as for his astronomical notions. It is unfor- 
tunate that we have none of the works which he must have 
composed, consequently we are uncertain wdiat is due to himself 
and what belongs to those persons who adopted and developed 
his tenets; and who, to gain authority for their opinions, ascribed 
them to their master. Like most of the learned men among the 
Greeks he hraveUed into the East; and we learn from Jamblichus ® 
that he passed twenty-two years among the pnests of Egypt, 
applying himself to the study of geometry and astronomy, and 
causing himself to be imtiated in all the sacred mysteries. From 
that country he was carried by the soldiers of Cambyses to 
Babylon, where he conversed with tlie Magi and, during the twelve 
years that he remained there, learned many things relating to 
numbers and music. If we may believe Porphyry, his desire to 
obtam information earned him as far as India; where, if it be a 
well founded notion that philosophy had, in those early times, 
made greater progress than in Europe, it is possible that .he 
might have learned some of those doctrines which he is supposed 
to have, afterwards, promulgated. Pythagoras estabhshed himself 
at Crotona in Italy and thus, perhaps, contributed to the dis- 
semination of the Greek philosophy in the west, by the instruc- 
tions which he, or his immediate disciples, commumcated to the 
people of Magna Grsecia ; from whom the Etrurians may have 
caught that portion of science by which they were distinguished 
above the other Italians. 

According to Aristotle, in his second book of the Heavens, the 
Pythagoreans imagined the universe to be divided into spherical 
r©g»ms which were occupied by bodies or elements of different 
Be vita Pythag. Lib. I. cap 4. 
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degrees of excellence ; they considered that the centre^ which is 
the place of honour, was assigned to fire, the most noble of the 
elements, and about this they supposed the stars, of which the 
earth was esteemed as one, to revolye. Plutarch, in his life of 
Numa, states that this pnnce had built, as a representation of 
the universe, a circular temple which he dedicated to Vesta and 
in which the sacred fire was kept ; and he observes that this 
was in accordance with the opinion of some of the Pythagoreans, 
who maintained that the pioper seat of fire was the centre of 
the universe, for the reason mentioned by Aristotle. It does not 
appear that the Pythagoreans imagined the central fire to be the 
sun, or that the earth and planets revolved about that luminary ; 
but it IS distinctly stated by Aristotle that they conceived the 
movement of the earth about the centre to be the cause of the 
succession of day and night, which seems to shew that the 
earth was supposed to peiform the revolution m that time. 

EvavTifiiJS’ ol ^IrccXicoVj aocKovfjiSvoi TlvQacyOi^etoty XEyovertv fAev 

rS ^Eo-ov TTV/f bIpoci (pacriy t^v ym, tv rwv ovcrccv^ kvk' (ps^oiA"' PVjV 

TO ixi<rov, pviircc te y.oc) ttopsTv \ 

Whether the centie here spoken of is that of the earth itself 
or of the regioti of fire is micertain ; if the foimer, which seems 
to be implied in the expression that a revolution about it is the 
cause of day and night, it would follow that the earth w^as sup- 
posed, at least by some of the Pythagoreans, to be stationaiy in 
space, though situated at a distance fiom the centre of the uni-» 
verse. That such a supposition was entertained is well known , 
for, accoiding to Plutarch^, Heraclitus andEcphantcs dcsciibed 
the earth as moving without changing its place, which, how- 
ever, may either refer to the diurnal rotation, or to the continual 
descent before mentioned ; and Cicero relates ® that Nicetas of 
Syiacusc considered all the stars to be at rest and the earth' 
alone to bo in motion: the same philosopher, he adds, had 
shewn that the latter, by a movement on its axis, produced the 
same appearance m the heavens as would be observed if these 
weie in motion and the earth at rest.^ As early, probably, as 

® Aiistotle, De Ccelo, Lib 'll cap 13 

^ De Placitis, Lib III Cap 13. 

Qnsest. Acad. Lib. IV. sect. 39 

M 
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the time of Pythagoras, the doctrine of the earth’s- diurnal re- 
volution appears to have been maintained in India ® ; for 
Brahma-Gupta, quoting the words of Aryabhatta, a very ancient 
astronomer of that part of the world, says The sphere of the 
stars is stationary, and the earth making a revolution produces 
the [apparent] daily risings and settings of the stars and 
planets”; and though Brahma-Gup ta endeavours to impugn the 
sentiment^ asking why, if the earth revolves, objects on its sur- 
face do not fall away ftom it, meaning perhaps, when by the 
revolution, they arrive under their former place; yet another 
and subsequent commentator, who seems to have lived about 
the eleventh century, justifies the opinion of Aryabhatta on the 
ground that the under part of the earth is by turns the upper ; 
and that wherever the spectator stands, on the earth’s surface, 
that spot is the uppermost point. 

In the dialogue entitled Timaeus is contained an ample develop- 
ment of the ideas of the “ divine Plato” concerning the nature of 
the universe which, as they seem to have been more ancient 
than the notions ascribed to Pythagoras, and to have prevailed 
very generally among the Greeks long after the times of these 
philosopheis, it will be proper to present here in an abstracted 
foim. TmisBUS is made to say that the Divinity, or the Supreme 
Intellect, composed the universe of fire and earth, in order that 
it might be both visible and tangible , but, because two things 
in nature, he observes, cannot exist without the intervention of 
a third, water and air were created and placed between the two 
former elements : taking this account in connexion with a pas- 
sage in Plutarch where it is stated that Plato considered the 
earth to be in the centre of the system, it will be evident that 
Timseus conceived the elements of water, air and fire to recede 
from the earth as a centre m the order of their densities ; while, 
according to the Pythagoiean hypothesis, fire, as we have said, 
was supposed to occupy the centre of the universe ; this latter 
was, no doubt, a sort of heresy which arose out of the older 
system, and was, certainly, embraced by few persons though 
Plutarch^ quotes a passage firom Theophrastus to shew that 

® Asiatic Reseaiches, Vol. XII ^ De Placitis, Lib. II. cap. 15. 

® Qusest. Plat., sect. VIII. 
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Plato in liis old age adopted it, and admitted that the centre 
ought to be appropriated to some moie noble element than the 
earth, or lather, than terrestrial substance. Timaeus adds, that 
the Divinity gave to the universe a spherical form, observing 
that, as it was to contain all beings within itself, its most coii- 
vement figure was that winch contains all figures within its 
own ; meaning, perhaps, the regular geometiical bodies, which 
maybe insciibed within a spheie‘‘, or that a sphere contains 
the greatest volume within a given siuiacc. The opinion of the 
annual revolution of the eaith, if indeed it be true that this was 
meant by Aristotle, may naturally enough have arisen out of the 
idea that tlic earth was not in the centre of the system; since, on 
that supposition, it would seem to have an analogy with the pla- 
nets, which are observed to levolve about some central point : it 
is generally believed to have been first professed in Italy by Phi- 
lolaus, one of the disciples of the Pythagorean school, who lived 
about ninety years later than its foundei ; and according to 
Plutarch he, like Anaxagoras, sulFered persecution for this doc- 
trine, which shocked the prejudices of men, in those days, so 
much as to subject the person who maintained it to the imputa- 
tion of perversely opposing the dictates of what was thou 
consideied as common sense, and cause him to incur the sus- 
picion of impiety. Philolaus is said to have resided in Italy 
and to have composed a woik on the umveise which Plato, who 
made a voyage to that country for the purpose of conversing 
with him, introduced in the Timaeus. 

To the Pythagoreans was ascribed the opinion, that diametri- 
cally opposite to our earth, with respect to the centre of the sys- 
tem, was another earth which they called the Antichthone; it will 
be difficult to imagme &om whence tins remarkable idea could 
have been taken if it did not arise fiom a misconception of some 
expression used by Pythagoras to designate the Antipodes, in 
which sense it xs used by Pomponius Mela^; or to designate 
die moon herself, as w’^e find it to have been in the commentary 
of Proclus on the Timseus. But, if we are to understand the 
word as signifying, according to the general opinion, an invisible 
body accompanying the earth in its revolution, we can only 
* Proclus in Tun., Lib. III. ^ Lib. I. 
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suppose it to have originated in the notion tliat when one body 
revolves about a distant centiCj iinotlicr body is necessary, on 
the opposite side of the centre, to produce an ectuihbriuin with 
the former hhe that which takes place when two bodies con- 
nected together by an inflexible bar are made to tuni on a 
fulcrum situated between them* Democritus of AMcra, who 
lived about 450 years before Christ, and whom Seneca designates 
as the most subUe of all the ancients, is said by this writei." to 
have conjectuicd that there wore many bodies circulating about 
the centre of the universe but invisible to us, on account either ol 
the obscuiity of their light or the positions of their orbits; he 
ascribes the same opinions to Artcmidorus, and fioni the last 
expression it may be suspected that these bodies, like the An- 
tichthono above mentioned, were conceived to keep always 
behind or opposite to that hemisphere of the earth which was 
then unknown, during the revolution of the latter : but Uiero is 
not the least ground to support the opinion of Sir W. Drum- 
mond, that they wore the satellites of Jupiter and Satuni which, 
by means of the telescope, and he endeavours to prove ^ tliat 
this instrument was known to the ancients, he supposes the 
Greeks, Chaldeans and Hindus to have discovered. 

Some of the ancients seem not to have been aware that tlicrc 
might be day-hglit m one hemisphere of the cartli while dark- 
ness prevailed in the opposite , and imagining that all the earth 
must be enlightened at one time, they appear to have enter- 
tained an opinion that, for this purpose, each hemisphere had 
its particular sun and moon. The Jainas in India® are said to 
have imagined the existence of two suns, as many moons and a 
double set of planets and stars, which they supposed to revolve 
about the pyramidal mountain occupying tlie middle of the 
earth : and such notions arc, probably, the foundation of die 
opinion ascribed by Plutarch to Xenophantes ^ that there ex- 
isted a plurality of suns and moons. Cleomodos mentions, also, 
an opinion that the number of planets was infinite of which, he 
observes, five only could be seen by us , those invisible planets 
appear, like the Rahu of the Hindus, to have been considered 

* Nat. Qusest. Lib. VII. cap. S & 13 . Origines, Book IV. Chap. C. 

® Asiatic Res. Vol. XIT. ** Be Placitis, Lib, II. Cap, 24 . 
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as the causes of the eclipses of the moon ; a notion alluded to 
by Lucretius ® and which was, ccitainly, maintained in the in- 
fancy of astronomy. But it is an impoitant ciicumstance in the 
history of the science that, before the time of Plato, the opinion 
that both hemispheres were successively enhghtened by the re- 
volution of the eaith on its own centre, oi axis, was very 
prevalent ; in proof of which it may be alleged that it is re- 
ferred to in the Timaeus ; and Aiistotle expressly asserts that 
some persons admitted this notion though they considered the 
caith to he situated at the centie of the universe. 

The disciples of Pythagoras are said also to have entertained 
die opinion that the fixed stars are, hke our sun, the centres of 
systems of planets ; and it is added that some of those persons 
considered the comets, not as meteors formed in our atmosphere, 
which was the general notion, but as planets subject to the 
sun’s influence and revolving about him. No dependence, how- 
ever, can bo placed upon such assertions, and many of the 
oiimions which have been ascribed to the members of that 
school, undoubtedly, onginated m a much later period. 

Pythagoras is alleged, probably with truth, to have adopted 
the notion of Anaxagoras that the moon was uihabited; and we 
loam from Plutarch that he endeavoured to prove the lunar 
plants and ainmals to bo more beautiful, and fifteen times as 
laigc as those of the earth This is, indeed, a romance worked 
up in the spirit of the adventurous philosopher who, m the lan- 
guage of Dr. Chalmois, “leaving the sobriety of experunental 
science, by vague and general analogies, makes a loose apphea- 
tion of the natural histoiy of the earth to that of the planets, 
and shifts his speculations from thence to the character of their 
inhabitants, availing himself of some slender correspondence 
between the heat of the sun and the moial tempeiament of the 
people it shines on;” in which, as the same elegant wnter ob- 
seives, “ ho is evidently expatiating on the field of imagmation 
and is venturing on a dark unknown where the wisest phi- 
losojihy is silence.” Plutarch ascribes to Pythagoras the idea 
that the lunar nights are fifteen times as long as those of the 
earth ; which, if understood to mean fifteen duratilons of our day 
» De Hemm Natw^, Eit. II ^ I^e Placitis, Lit. II. Cap. 30. 
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and night, would seem to shew that he was aware of the period 
in which the moon revolves on her axis, this is, however, 
doubtful, and it is more piobable that the length he has assigned 
to the lunar night was obtained from some one of the fanciful 
analogies in which the learned men of that age and country 
were so much accustomed to indulge. 

Another remarkable doctrine which appears to have been 
held by Pythagoras, or by some of his earliest disciples, is that 
the celestial spheres, during their revolutions emit musical 
sounds of various intensities according to their distances from 
the earth, all which, however, were supposed to be inaudible to 
men^. Now, according to Plutarch*^, the interval from the 
earth to the fixed stars being, by these philosophers, considered 
as the Diapason or extent of seven tones, the distances of the 
seven planets, including the sun and moon, from each other, 
were expressed by tones and half tones in different proportions , 
and there can be little doubt that, by this harmony of the 
spheres, they only meant to express the order supposed to pre- 
vail in the disposition of the several bodies which constitute the 
universe: Dr. Gregory‘S, however, draws from the idea a proof 
that the Pythagoreans were acquainted with the Newtonian law 
of the decrease of gravity He observes that these philosophers 
have veiled their doctrine under an allegory when they assert 
that Apollo touched a seven-stnnged lyre , which he supposes, 
agreeably to an idea of Macrobius to represent the sun and 
seven planets, and to indicate that the former retained the latter 
in then orbits by attractive forces in harmonic proportion ; and, 
because the tones obtained from cords equally thick but of dif- 
ferent lengths are inversely proportional to the squares of the 
lengths of the cords, he infeis that the harmonic proportion 
alluded to, in the attractive forces, is the inverse duplicate of 
the distances of the planets from the sun. Nevertheless few 
persons will, we imagine, be inclined to believe that the doc- 
trines of Pythagoras, or of any of his disciples, lay so deep as is 
here supposed. 

While the science of astronomy was spreading towards the 
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West by the labours of those persons who were educated in the 
Crotonian school, it continued to be cultivated in the states of 
Greece ; where, about one hundred years after the time of Py- 
thagoras, Democritus of Abdera made himself celebrated by his 
efforts to assign a physical cause for the origin of the universe. 
This philosopher, whose notions appear to have been sub- 
sequently adopted by Leucippus and Epicurus, and are fully 
developed in the poem of Lucretius*, and whose system of 
nature resembles, in some respects, that of Descartes, is said by 
Aristotle'’ to have taught, that innumerable atoms, coming from 
every part of space and striking each other obliquely, formed 
vortices in which the hghter particles ascended towards the sur- 
face, or upper regions of each vortex, while the more gross 
concreted together about the centre, and thus constituted the 
sun, planets and earth ; the latter he supposed to remain at rest 
in the central vortex where it was foimed, but the others were 
conceived to revolve about it at various distances, the nearer 
planets moving with less velocity than those moie remote. 

That astronomical observations were occasionally made at this 
time in Greece, and that they were registered and compared 
together for the purpose of regulating the calendar, and perhaps, 
of formmg tables of the movements of the sun and moon, is 
lendered probable by the consideration that the lunar cycles 
now began to be employed in that country in order to make the 
festivals which depend upon the moon faU m the same season 
of the year, and to render their commencement an epoch from 
whence the times of the observed phenomena of the heavens 
might be reckoned. The Philolaus above mentioned is stated 
to have invented a cycle of fifty -nine years which he called a 
gieat year and m which he said -were contained twenty -one in- 
tercalary moons”. It IS uncertain by what estimate of the 
length of the solar year and of the time of a lunar revolution he 
formed this period, but, if he considered th^ first as equal to 
365 days, and the latter to 29.75 days, there will be about 729 
complete lunations in that number of years, and then, the lunar 
year being equal to twelve such lunations, there must be added 

* De Reium Natura. ^ De Coelo, Lib. I. 

° Plutaicb. de Placitis, Lib. II. cap. 20. 
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twenty-one of these to naake the number in 59 lunar years 
equal to the number in 59 solar years , and it is not improbable 
that the cycle may have been so determined. 

It appears from Diogenes Laertius^ and Censorinus^ that 
either Cleostratus or Eudoxus was the author of the Octaeteris, 
or cycle of eight solar years , but it is easy to conceive that, 
from its simplicity and inaccuracy, it is likely to have been in 
use before the times of those philosophers ; and we conclude, 
therefore, that its invention may with propriety be assigned to 
the age of which we are speaking. According to Geminus, the 
penod consists of 2922 days, and contains very nearly 99 
months, or synodical revolutions of the moon , he says each of 
these was estimated at 29j-p^ days, (29.5303 days.) and that 
ninety-nine such months are equal to 2923^ days ; which, there- 
fore, exceed the above value of 8 years by one day and a half. 
Considering, consequently, the lunar year to consist of 12 months, 
or 8 lunar years to consist of 96 months, they intercalated, in 
each octaetens, 3 months; in order to make the lunar calendar 
agree with the solar: the error of one day and a half must, 
however, have remained, and this, in 160 years, must have 
amounted to about one month 

But the most famous cycle of antiquity is that which was in- 
vented, or improved, and promulgated by Meton and Euctemon, 
at Athens, and which began to be employed on a day correspond- 
ing to the 16th of July in the year 433 Before Christ. From a 
passage in Ptolemy’s Mathematical Syntax*^ we learn that, 
according to Hipparchus, in his work on Emholismic Months 
and Days, (since lost,) the above philosophers had found, by 
observing the epoch of a solstice at Athens in the year 316 of 
Nabonassar, or 430 Befoie Christ, and comparing it with one 
of more ancient date, the length of the solar tropical year to be 
365-1- days, or 365.2368 days, and, assummgthe duration 
of a synodical lunar revolution to be 29.53 days, Meton is said 
to have found that 19 solar yeai's contained 235 lunar revolu- 
tions, or 19 lunar years together with 7 intercalary revolutions; 
the lunar year being understood to be equal to twelve revolu- 

^ bib VIII ^ De Die Natali, cap. IS 

® He Appareiitu-s CoelesUbus, cap. De Mensxbiis. ^ Dib. III. 
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tions, or 354.858 days This cycle of nineteen years, which is 
called by the name of its inventor, has been ever since his time 
employed for the regulation of the public festivals depending 
upon the moon : it is found in the astronomical works of the 
Arabians and Hindus ; but whether either of these people re- 
ceived it horn the Greeks, or the Greeks from the Hindus, or 
whether it was the result of independent observations made by 
either people, it is impossible to determine. The arrangement 
of the calendar, according to Meton was, that of the 235 months 
of the cycle, 110 months should have 29 days each, and the 
remaining 125 months, 30 days each , but as this number of 
days exceeds the length of nineteen solar tropical years by about 
one quarter of a day, at the end of four times nineteen years, or 
76 years, the excess amounts to one solar day and the cycle 
soon became erroneous. To remedy this evil Calippus sub- 
sequently quadrupled the former cycle, and proposed another of 
76 years, at the end of which time one day was to be omitted : 
this cycle began to be employed in the year 330 Before Chiist, 
and it was expected that it would produce an exact agreement 
between the calendar and the seasons ; but the values assigned 
to the solar and lunar years not being quite accurate, such is not 
the fact , the error thence arising in the course of many ages, is 
found, however, to be of small amount. 
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CHAPTER IX. 

CELESTIAL SPHERES IMAGINED BY THE GREEKS. 

The constellations described by Eudoxus — Uncertainty of the positions 
assigned by this philosopher to the equinoctial points — Piobability that 
Eudoxus made observations with instruments. — The system of concentric 
spheres supposed to have been invented by him. — Dispositions and move- 
ments of the planetary spheres according to Eudoxus. — The number of 
spheres increased by Calippus — ^Nature and general laws of the motions of 
concentric spheres — Investigation of the planetary orbits recommended by 
Plato. His disposition of the orbits — The eternity of the universe asseited 
by Aristotle. — His opinion that the planets move with equal velocity,— His 
estimated magnitude of the earth and sun. — He augments the number of 
planetary spheres.— Celestial observations made by Pytheas — Opinions of 
the ancients concerning the tides 

About sixty years after the adoption of the Metonic cycle a 
description of the face of the heavens and a system of the uni- 
verse appear to have been made pnbhc by Eudoxus of Cmdos, 
wbo lived about 370 years before Christ and was certainly one 
of the most celebrated mathematicians of his time, since he is 
acknowledged to be the author of one of the most important 
books in that collection of the elements of Geometry which is 
ascribed to Euclid. The astronomical woxks composed by him 
are lost, but one of them, which seems to have contained a de- 
scnption of the constellations, was paraphrased by Aratus about 
one hundred years after his time in a poem still extant : from 
this it appears that the constellations into which the heavens were 
then divided were nearly the same as those repiesented on our 
present celestial globes. It is found, however, that the relative 
positions assigned by Eudoxus to the fixed stars present very 
numerous discrepancies, and it has been attempted to explain 
them by supposing that the philosopher had copied the places 
of the stars from registers of ancient observations, which, having 
been made at different times, could not agree with each other 
on account of the movement of the equinoctial points m the in- 
tervals; but the irregularity of the enors is so great as to render 
it impossible to avoid concluding that the places of the stars 
were estimated by the eye alone, and without any attempt at 
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precision. Aratus remarks, and Ms observations may be con- 
sidered as those of Eudoxus himself, that the stars revolve 
regularly, meaning with equal angular velocities, because they 
are permanently fixed in the celestial sphere ; but he adds, there 
are some among them, meaning the planets, which change their 
places, performing revolutions and returning to conjunction in 
the same part of the heavens at the end of various intervals of 
time , and he directs that their places should be observed by 
referring them to the fixed stars which they occasionally ap- 
proach. From this precept Delambre concludes that the Greeks 
then possessed no instruments for determining the longitudes 
and latitudes of stars, and that they were almost entirely ig- 
norant of any theory of the planetary movements : both these 
consequences, however, do not necessarily follow, for it is pos- 
sible that Eudoxus may have used instruments though Aratus 
has not noticed any observations made with them, which might 
be because such details do not form fit subjects for a poem. 

It would be desirable to ascertain, if possible, from the work 
of Aratus, the position which Eudoxus assigned to the equinoc- 
tial or solstitial pomts, in order that the subsequent movement 
of those points might be determined with precision ; or, assuming 
this to be known, that the time might he found at which the 
observations were made from whence the position so assigned 
was discoveied ; but it is to be regretted that the description he 
has given docs not enable us to arrive at any satisfactory con- 
clusion on either of these heads. Eudoxus mentions particulaily 
the two tropics and the equator, observing, as is related by 
Hipparchus in his commentary on Aratus, that the northern 
tropic touches the zodiac in, or about the constellation Cancer, 
and that the southern tropic cuts the middle of Capricomus : 
hence he must have supposed the equinoctial colure to pass 
through the middle of the constellation Aries. But the difficulty 
is to ascertain where is the middle of that constellation ; for if 
we suppose its whole extent to be equal to 30 degrees, the value 
now given to it, and that it commenced with 7 Arietis, which is 
the first remarkable star m it, and whose longitude is at pre- 
sent equal to about 30 degrees, since the equinoctial colure 
passes neat a, Andromedaj ; it would follow that the precession 
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in the interyal between the time in which we live and that in- 
dicated by the above position of the same coliiie, is about 45 
degrees ; which, at the known yearly rate of precession, would 
place the epoch of that position at above 3200 years since. Or, 
since Ptolemy makes the dilFerence of longitude between the 
two stars which he consideis as the first of Aries and of Taurus 
respectively, probably those marked y and S' m Aries, to he equal 
to 18 degrees only; if this be taken for the extent of the con- 
stellation, the precession, since the time when the coliiie was in 
the middle point between these stars, would be 39 degrees, 
which places the epoch of that position at about 2800 years 
since, or about 970 years befoie Christ; and according to 
Geminus, who lived 300 years after Eudoxus, it appears that 
the latter philosopher placed the vernal equinox in the sixth 
degree of Aiies which, if the star y be taken for the fiist in the 
constellation, would bring the epoch to the year 750 Before 
Christ : now it is not impossible that, by observations made at 
one of these periods in Egypt or Chaldea, the venial equinox 
might be found to be situated about the middle of the constella- 
tion, and Eudoxus, being ignoiant of the precession, may have 
supposed it to occupy the same place in his days, but this 
situation is completely at variance with that deduced from the 
position assigned by Eudoxus to the stars Castor and PoUux, 
both of which, according to Hipparchus, he placed in the sol- 
stitial colure: now the longitude of Pollux is known to be 
2® 20'^ 44' greater than that of y Arictis, therefore the equinoc- 
tial point should, if the former star were in the solstitial colure, 
be 9° 16' westward of the latter star ; and, as this was its posi- 
tion about 700 years after the time of Eudoxus, there must 
consequently be some great error either in the work of that 
astronomer or in the paraphrase of Aratus, firom whence Hip- 
parchus drew the notice concerning the place of Castor and 
Pollux. The last mentioned philosopher, who has pointed out 
this mistake, observes also that Eudoxus has committed another 
error m saymg the stars of Aries are too small to be visible at 
the time of fiiU moon, whereas three of them are then very dis- 
tinguishable ; and Delambre, apparently with good reason, 
ponsidet^ these circumstances as proofs of inaccuracy, but 



IMAGINED BY THE GEEEKS. 


173 


IX.] 


Bailly endeavours ^ to account for them by supposing that the 
first of the zodiacal constellations, in the time of Eudoxus, com- 
menced as in the Hindu astronomy at a point situated 13 
degrees westward of the circle of longitude passing through y 
Anetis. Now it will be found, by computing backwards with 
the received value of the precession that, in the time of Eu- 
doxus, the equinoctial coluie passed through y Anetis, and it 
would follow, agreeably to the supposition of Bailly and the 
statement of Eudoxus, that the colure was then situated about 
the middle of the constellation , but the hypothesis of the French 
astronomer will carry him no further ; on the same supposition 
it will be found that the star Castor was, m the time of Eu- 
doxus, situated, in longitude, about ninety degrees eastward 
firom the origin of the zodiac ; and Bailly conceives tliat this 
may have induced him to consider it as in the solstitial colure 
though, in reality, it must have been about 13 degiees from it 
The remark of Eudoxus concerning the invisibility of the stais 
of Aries admits of no better explanation, for Bailly evidently 
supposes that the constellation which the Greek astionomei 
calls Aries coincided with that now called Pisces which, cer- 
tainly, contains only very small stars , yet, since y Anetis is 
made'the middle point, it is clear that the three principal stars 
of Aries must be included in the same constellation. 

The intention of Bailly is to prove that the astronomy of 
Eudoxus was derived from India, but the cuxumstances above 
stated will scarcely be considered as favourable to the opinion, 
and, even if it should be admitted that a zodiac, whose com- 
mencement is in the situation above supposed, was ever received 
in Europe, it would be equally probable that it came firom 
Chaldea or Egypt; from whence also it might have found its 
way to India, where it has ever since continued in use, while, 
in this part of the world, a new origin of the constellations may 
have been chosen soon after the time of Eudoxus* Among the 
ancient Persians the commencement of the zodiac appears to 
have conesponded with that which so long pievailed among 
the Greeks, and, no doubt, both people leceived their astronomy 
firom the same school. 

* Astronomie Indienne, Chap. X. sect. 4—10. 
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We have given some accotint of the means which may have 
been originally employed to divide the ecliptic into signs for 
the purpose of designating the longitudes of stars : but as it can 
hardly be denied that Eudoxus made use of instruments in de-- 
termmmg the times of the equinoxes and solstices, it may be 
proper here to observe that some light has been thrown upon 
the manner of distmguishing the places of celestial bodies, by 
the translations lately made of the astronomical works of the 
Hindus ; for it is probable that the practice of this people, at 
the time when the science flourished among them, was nearly the 
same as that which was pursued more anciently in other parts of 
the East. Mr. Colebrook, in a paper on the Hindu division of the 
zodiac, having shewn that the ancient natives of India, in finding 
the longitudes and latitudes of stars with circular instruments, 
made use of a circle of declination instead of a circle disposed 
peipendicularly to the ecliptic, and caused its plane to pass 
through the star whose situation was required ; concludes that 
the longitudes were reckoned, on the ecliptic circle, from the 
equinoctial point to the intersection of the circle of dechnation 
with the latter circle, and that the latitudes were reckoned on 
the circle of declination trom the ecliptic to the star®. This 
method of observing, if we may be allowed to suppose that it 
was practised by Eudoxus and other Greek astronomers down 
to the time of Hipparchus, will permit us to consider that, more 
anciently, the equator, only, was divided into twelve equal parts, 
or signs ; to accomplish which by means of the Clepsydra would 
be a much more easy task than that of so dividing the ecliptic , 
and we may then admit that the divisions of the latter circle were 
but rudely estimated before the invention of trigonometry by 
Hipparchus. Badly, indeed, endeavours to shew that the 
longitudes of celestial bodies were by Eudoxus reckoned on the 
equator^, but his proofs are too few to inspire confidence; and, 
besides the probahdity of an error in one of the numerals, in 
the texts of such writers as Gemmus and Columella, to whom 
he refers, it is by no means certain that the stars a Arietis and 
a Capricorm were by these authors taken to designate the 
places of the equmoctial and solstitial points. 

® Asiatic Researclies, Vol. IX. Astr. Ancienne Eclairc liv VI. sect. 11. 
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That Eudoxus had made some observations on the altitudes 
of the sun by the gnomon or otherwise, is probable from a re- 
mark made by Hipparchus in quoting a work of this philo- 
sopher ; he observes that the decimation of the sun at the times 
of the winter and summer solstices did not agree with each 
other, and that the ancients, probably meaning Eudoxus, con- 
sidered these variations to be owing to certain small deviations 
of the sun, in his annual course, from the mathematical circum- 
ference of the ecliptic. According to Hipparchus this deviation 
of the sun in declination amounted to about five minutes of a 
degree ; and it is true tliat there is a deviation of the sim from 
the plane of the ecliptic, which-is caused by the attraction of the 
planets, but its value is far from being so great as that supposed 
by the Greek astronomer, who has evidently been misled by 
errors of observation. Eudoxus is said to have been the first of 
the Greeks who discovered that the moon's orbit was inclined to 
the ecliptic, and that the points of her greatest latitude were 
sub]ect to a movement contrary to the order of the signs but 
we have already shewn how the latter fact may have been ascer- 
tained by means of a register of the solar and lunar eclipses ; 
and, therefoie, it is probable that this philosopher was merely 
the first who determined the elements of the limar orbit by in- 
strumental observations 

The circumstance which has given particular celebrity to the 
name of Eudoxus is the alleged invention of the system of con- 
centric spheres by whose movements it was attempted to 
account for those observed in the planets. It is easy to con- 
ceive that a movement which appears to take place in any 
direction, while the moving body seems to remam always at the 
same distance from the observer, would be inomediately ex- 
plained by considering the body to be attached to the surface 
of a material sphere revolving on an axis. If the motion of 
the body shoifrd appear to take place in a plane which is not 
perpendicular to the supposed axis of the sphere’s naotion, it 
might be stiU represented by supposing the sphei*e to which the 
body was attached to be, itself, contamed within another , this 
withm a thud, and so on ; each spherical shell being endowed 
® SimpHcius, Comment. 4WJ, Lib. IT. De coelo. 
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with a motion peculiar to itself and being capable of communi- 
cating its motion to the next, by which means the attached body 
would appear to be cai-iied in some dnection oblique to that 
produced by the proper motion of the sphere to which it be- 
longed : and in this manner Eudoxus proposed to explain the 
motions first observed in the sun, moon and planets. 

It appears that, in its most simple state, this system required 
three spheres for each planet, and one sphere, denominated the 
Primum Mobile, was supposed to enclose the whole, of which 
the earth was the common centre ; and, as the planets are at 
different distances from the earth, it was necessary to consider 
the spheres as transparent or of a crystalline nature m order to 
permit the remoter planets to be seen through the spheres of 
those which are nearer. 

Perhaps, at the first view of the heavens, it may have been sup- 
posed, as was observed in Chap. V., tliat tlie sun, moon and stars 
were attached to the concave surfiice of one material and revolving 
sphere, but the variety of movements in the planetary bodies must 
have soon suggested the notion that these, at least, were moved 
independently of each othei and of the rest , and it is probable 
enough, from a passage in Aristotle *, where it is affirmed that the 
Egyptians and Chaldeans understood the planets to be at dif- 
ferent distances from the earth, and in Plato where the philo- 
sophers of Chaldea and Egypt are said to have maintained that 
the eighth sphere tmned with the diurnal rotation only, that, 
among these people, originated the opinion tliat each was at- 
tached to a separate sphere by whose movement it was carried 
about the earth. In the time of Eudoxus the nature of the 
more ancient planetary systems may have been well known: 
whether or not they were similar to that which is attributed to 
the Greek philosopher no evidence remams to shew ; but wo 
may safely allow that the latter is entitled to the merit of having 
adapted a system of spheres to the state of astronomy in his time, 
and perhaps, of being the first who intioduced to the Greeks 
that mode of representing the phenomena of the heavens. 

The most ancient accounts we have of the disposition of the 
planetary spheres, are contamed in the works of Aristotle and 
*De Coelo, Lib 'II. Cap. 12 ^ Pe Republica, Lib. X. 
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of his commentator Simplicius : from these we find, that each 
sphere carried the poles of that which was next to it,’ towards 
the interior ; that the former always communicated its move- 
ment to the latter, to produce either an acceleration or retarda- 
tion in the motion of the planet, according as the two spheres 
moved m the same, or m opposite directions ; but that the infe- 
rior communicated no motion to the superior sphere : and that 
all the spheres were supposed to be in contact. It seems to have 
been remarked, that the times in which the diurnal motions of 
the sun and moon were performed, were something longer than 
that m which the like motion of the fixed stars was accomplished ; 
hence, a particular sphere was thought necessary for each of 
those lummaries; and as, probably, the like retardation was sup- 
posed to take place in "the diurnal movements of the planets, each 
of these was, for the same reason, furnished with a particular 
sphere in order to produce that movement. The revolution of 
each of these spheres was supposed to be accomplished about 
the axis of the earth’s equator, and its velocity was supposed to be 
equal to that of the general sphere of the fixed stars, though the 
motion it produced in the planet to which it belonged was less, 
on account of the retardation caused by the contrary motion of 
the second or next interior sphere, which was imagined to turn 
on the axis of the ecliptic. Some doubts seem to have been en- 
tertained by the ancients concerning the directions in which the 
proper motions of the sun, moon, and planets took place ; for it 
IS obsen’^ed by Gemmus that certain persons, unwilhng to ad- 
mit the existence of contrary movements in the celestial spheres, 
conceived the motion from west to east to be only apparent, and 
the leal motions of those celestial bodies to be directed from east 
to west, like that of the sphere of the fixed stars: supposing that, 
on account of the superior velocity of the latter sphere, the 
erratic bodies remained behind and, consequently, seemed to 
recede fi'om the others in an opposite direction. The opinion, 
however, is opposed by Gemmus, and is, plainly, inconsistent 
with the movements asciibed to the planets in the systems of the 
later Greek astronomers 5 yet it appears to have been admitted 

® Be Apparentus Coelestibus, Cap. Be Motu Planetee. 

N 
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by Ptolemy, who asserts ® that the motion of the Primum Mobile, 
which IS directed from east to west, is communicated io the dif- 
ferent spheres (of the planetsjl In a later age, notwithstand- 
ing the increased complexity of the celestial machinery, we find 
the idea of a morement in the same direction still retained ; for 
Alpetragius observes, that all the movements which are proper 
to the planets are modifications of that of the Primum Mobile, 
or sphere of the fixed stars : he adds, that the power of motion 
exists, essentially, m the latter, and is imparted to the other 
spheres, becommg weakened as these approach the centre 
of the system; and thus the planets seem to have a proper 
motion, from west to east, which is greatest in those nearest 
to the earth, because they lose more of the force of the Primum 
Mobile. 

Simplicius states^ that Eudoxus and the philosophers who 
preceded him, probably the Chaldeans or Egyptians, supposed 
th^ sun to be influenced by three movements. The first was di- 
rected from east to west, or, as we have "said, in the order of the 
diurnal revolution of the fixed stars and about the same axis, 
which was considered fixed in space ; and this caused the daily 
rising and setting of that luminary. The second movement was 
m a contrary direction, or from west to east, by which the sun 
was earned m one year through the signs of the zodiac, or, as 
they were then called, the twelve animals ; the axis of revolu- 
tion being perpendicular to the ecliptic and performing a coni- 
cal movement, in the same time, about the axis of the equator, 
by which the sun is made to change his place of rising and 
setting, daily, agreeably to the observed phenomena. These two 
spheres probably, at first, sufficed to explain the solar move- 
ments, but Simplicius observes that, since the changes of the 
sun’s decimation are not performed m precisely the same time 
as his revolution in longitude, a thud sphere was found neces- 
sary. Now there is no reason to believe that the real movement 
of the equinpctial points and the real change m the obliquity of 
the ecliptic were knovm m the days of Eudoxus, but solsticial 
aiid equinoctial observations made with imperfect instruments 
appear to have given nse to an opmion that the sun’s greatest 

^ * Almagest. Lib XIII. Cap. 2. 

^ Comment. 46^ Lib. II He Coelo. 
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declination and the time of his arrival at the equator were both 
vanable, and it seems to have been the office of the third sphere 
to represent this pretended inequality. Its axis was supposed 
to have a small inclination to that of the ecliptic, and the extre- 
mities of that axis, which were attached to the second sphere 
at a distance from the poles of the latter equal to the excess of 
the greatest observed declination of the sun from the equator 
above the mean declination, were carried with it m small circles 
about those poles while the sphere itself performed annually a re- 
volution on its axis in retrograde order : thus the sun, which 
was imagined to be attached to this third sphere, would appear 
to describe a path not coinciding with the ecliptic, but crossing 
it in two points diametrically opposite to each other, and devi- 
ating from it as much as the excess above mentioned ; these in- 
tersections being carried in retrograde order through the circum- 
ference of the ecliptic, it would follow, that the restitutions of 
the sun’s declination take place in less time than the annual re- 
volution of tlie sun in longitude is peiformed ; which was sup- 
posed to be conformable to observation. 

The lunar system ‘of Eudoxus was nearly similar to the solar; 
for he assigns to the moon three spheres of which one, as Sim- 
plicius shews m the work above quoted, revolved in the same 
manner as the fixed stars ; the second revolved from west to east 
about the axis of the zodiac and earned the poles of the third, 
which were distant from its own as much as the moon’s greatest 
latitude. By the first of these spheies the diurnal motion of the 
moon was produced ; and by the second was exhibited both 
her direct monthly revolution in longitude and the retarda- 
tion of her dimnal motion with respect to that of the fixed stars. 
The moon herself was attached to the third sphere and tibus was 
earned by the motion of the second along her apparent monthly 
path, obliquely to the echptic, so as to produce the daily changes 
of her latitude : but the third sphere performing in eighteen 
years a revolution on its axis m retrograde order, the nodes of 
the moon’s path were in tliat time earned through the citcum- 
ferenco of the zodiac, in the same order, agreeably to observation. 

Aristotle shews ^ that Eudoxus gave to each of the planets 

® Metapliysica, Lxb. Xll, cap. 8. 
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four spheres, of which the first and second wore similar in posi- 
tion and movements to the first»two spheres of the snn and moon • 
for the exterior sphere of each X3lanet revolved daily like that of 
the fixed stars from east to west, hut with less velocity on ac- 
count of the retardations caused by the contrary movement of 
the second sphere. The axis of the latter was supposed to co- 
incide with that of the zodiac like the axis of the corresponding: 
sphere in the systems appertaining to the sun and moon; and 
this sphere also revolved from west to cast, but in the times 
employed by each planet to describe the circumference of the 
zodiac : thus, he observes, the stais of Meicury and of Lucifer^ 
[Venus] which appear always to accompany the sun, are earned 
round in one year, the star of Mars, in two years ; of Jupiter, 
in twelve ; and of Saturn, in thiity The other two spheres be- 
longing to each planet were intended by Eudoxus to pioduco 
the alternately direct and retrograde movements exhibited by all 
the planets, and appear to have been disposed in the following 
manner : the axis of the third sphere lay in the plane of the 
ecliptic, by which means the movement of this sphere was per- 
pendicular to that of the second, so that if a star had been placed 
on any part of the surface of this sphere except in cither of its 
poles, it would have appeared to describe a circle about its poles, 
and to be alternately above and below the ecliptic while it was 
carried through its circumference by the motion in longitude, 
by which means it would have been subject to greater changes 
of latitude than are consistent with the observed phenomena: irx 
order, therefore, to remedy this imperfection and, at the same 
time, produce the alternately direct and retrogiude movement, 
it was necessary to employ a fourth sphere which was made to 
revolve upon an axis inclined to that of the thud sphere, and in 
a direction contrary to that of the motion of the latter, but ivithi 
twice its velocity. 

Now, if the pole a (Plate I. fig. 1.) of the fourth sphere be 
brought into the plane of a great circle, as B a, passing, perpendi- 
cularly to the ecliptic o n, through E, the pole of the third, and if 
a star be then situated on this fourth sj)here, immediately under 
fihe last mentioned pole, since the angular movement of the 
star at % about the pole a, is twice as great as that of A about 
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the pole E, and in a contrary order, it will follow that when a 
has moved through any arc, as a a' the star under E will have 
moved to E', and this point will be in the plane of the ecliptic 
because die angle e a'e' is double the angle a e a', or its equal 
E A'e, formed by drawing A'e perpendicularly to c d. And it is 
evident that, the distance of the star from a being equal to that 
of the poles a and e from each other, the star will be always m 
the circumference of the ecliptic so as to appear from the earth 
to move, alternately in direct and retrograde order, to equal dis- 
tances on cither side of the pole of the third sphere, the extent 
of the arcs of motion depending upon the distance between the 
two poles. In the case here assumed the planet would appear 
to have no latitude, but if the distance of the star from the 
pole of the fourth sphere were greater or less than the distance 
of this pole from that of the third sphere, the planet would ex- 
perience continual changes of latitude, and would be in the 
ecliptic twice only, in one levolution of the pole of the fourth 
sphere. The times m which the retiogTade and direct move- 
ments are performed, are not, however, equal, either m this or 
in the former case, because the velocity of retrogradation is only 
equal to the difference ^between the velocities of the star aud of 
the pole E, and that of the direct movement is equal to their sum. 
With respect to the inferior planets, the periods assigned by 3Eu- 
doxus to the revolution of the third sphere are, for Venus, nine- 
teen months, and for Mercury, 110 days ; being nearly the times 
which elapse between two inferior or two superior conjunctions 
with the sun : and, if the pole of the third sphere be supposed 
to correspond with the place of the sun, it is evident that the 
machinery above desenbed will represent, though rudely, the 
apparent deviations of those planets from, and their returns 
towards that luminary. But, with respect to the superior pla- 
nets, the periods he has assigned to the revolution of the third 
sphere are, for Mars, eight months and tw’^enty days, and for Jupiter 
and Safum, each, three months and ten days ; these periods cannot 
be so easily explained, but, piobably, they relate to the times in 
which the arcs of diiect or retrograde movement were supposed 
to have been . accomplished by those planets respectively. 
Thus, as Simplicius obscives, the whole number of spheres 
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imagined to exist, m the time of Eudoxus was twenty- seven, 
but these were usually considered as eight spheres because 
the three belonging to the sun, the three to the moon, and the 
four to each of the five planets, were respectively reckoned as 
one and there was, besides, the sphere of the fixed stars. 

But some of the inequalities of motion arising from the ellip- 
ticity of the orbits of the planets, and fi*om their mutual attrac- 
tions, could not fail to be discovered in proportion as observations 
became multiphed and more accurate, and it was found necessary 
to imagine new spheres in order to represent these variations ; 
this, it appears, was attempted by Calippus who, as Aristotle 
relates in the twelfth book of his Metaphysics, added two 
spheres to the three which had been given by Eudoxus to the 
sun ; the same number to the system of the moon, and one to 
that belonging to each of the two inferior planets. The four 
spheres which Eudoxus had given to each of the superior pla- 
nets were supposed sufdcient to explain their movements, and 
thus, the whole number of spheres including that of the fixed 
stars was thirty-three. Anstotle distinguishes these into Astri- 
feras and Anastros ; and he observes that of the former there 
are eight and of the latter, twenty-five. The Astiiferas, or those 
spheres beaimg stars, must have comprehended that of the fixed 
stars and the seven to which the planets were attached; and 
the others must have been those employed to give movement to 
the latter spheres. 

The two additional spheres applied to the sun and moon being 
intended to produce the accelerations and retardations of motion 
observed in those celestial bodies when in perigee and in apogee, 
lespectively, were probably situated within the three former, simi- 
larly to the interior spheres assigned to each of the five planets by 
Eudoxus : that is, the axis of the fourth might lie in the plane 
of the echptic, so that the revolution of this sphere might be per- 
formed perpendicularly to that plane while its pole was carried 
along the circumference of the zodiac, in one year for the sun, 
and m one month for the moon, by the general motion of the se- 
cond sphere ; and the axis of the fifth might be oblique to the 
formcsc, so that, by giving to this last sphere twice the velocity 
of the fourth in a contrary direction, the sun or moon which 
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was attached to it, would be compelled to move in or near the 
ecliptic, alternately in direct and retrograde order with respect 
to the pole of the fourth sphere , but, if we suppose the velocity 
of the revolution of the sphere bearing the luminary to be less 
than that of the last-mentioned pole, the effect would be that 
the general movement of the sun or moon received merely an 
alternate acceleration or retardation ; and it is easy to imagine 
that, by a due adjustment of the places of the poles and the 
velocities of the spheres, the phenomena of those celestial bodies 
might, though still incompletely, be represented. The addi- 
tional sphere given by Calippus to each of the planets Mercury 
and Venus was, probably, intended to correspond with the third 
sphere given by Eudoxus to the sun, in order that the pole of 
the third sphere of each inferior planet might experience the 
same variations in declination that were supposed to be observed 
in the sun, the mean place of which was, as we have stated, re- 
presented by that pole. 

It maybe doubted whether the inventor of the system of con- 
centric spheres laid the least stress upon their materiality, though 
this quality seems, in succeeding times, to have been implied in 
all popular descriptions of the heavens. There is nothing, how- 
ever, in the worhs of the ancient astronomers to shew that their 
calculations for determining the celestial phenomena were in- 
fluenced by the hypothesis of material spheres , on the contrary 
wc have abundant evidence from the writings of Ptolemy that 
their practice was conducted agreeably to the supposition that the 
orbits of the heavenly bodies existed only in the imagination. 
The celestial spheres mentioned by Plato, in his dialogue Timaeus, 
probably meant the regions of space in which the planets are 
placed ; he calls them immaterial substances, yet seems to con- 
sider them as formed of a species of fire which has the property 
of giving light yrithout burning ; and each sphere is said to be 
accompanied by gods, demons, and souls of men, all partaking 
of the nature and properties of the particular spheres to which 
they belong. 

But the Greeks were a nation of reasoners, and their philoso- 
phy consisted not so much in analysing the works of nature for 
the purpose of finding out the hidden causes of phenomena, as 
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in imagining some first principle and endeavouring from thence 
to deduce the effects observed* Of this kind is the system of 
material and concentric spheres, and though it is difficult to 
divine in what manner they accomated for the first cause of mo- 
tion or how they supposed that the several spheres communicated 
their movements to each other; if, indeed, these ever formed 
the subjects of enquiry; yet we find that, in the days of Aristotle, 
and probably in those of Eudoxus, they had establish(^d certain 
laws by which they conceived the movements of the spheres to 
be regulated, and the most important of these may be stated as 
follow : I. A sphere can have hut one motion about a quiescent 
axisy and that motion is uniform. II. A superior sphere may 
move an inferior and concentric sphere^ hut the converse does 
not hold good. III. If two concentric spheres move upon their 
axes in the same direction^ the inferior one has its motion ac- 
celerated; the contrary effect takes place if the spheres move in 
different directions. Tliese principles are evidently involved, 
and some of the consequences which flow from them are shewn, 
in what has been said above concerning the systems of Eudoxus 
and Calippus ; which, as long as they could he made to exhibit 
with tolerable facility the phenomena of the heavens, weic uni- 
versally admitted , but when then complexity became so great, 
from the number of spheres necessary to represent the varieties 
of planetary movement, as no longer to afford repose to the mind, 
they were abandoned for another which will be hereafter de- 
scribed. It may seem surprising that such means should have 
been thought of for representmg the movements of the celestial 
bodies ; but it must be observed that man always endeavours to 
resolve a complex effect into one or more simple ones in order to 
facilitate his comprehension, or render more intelligible the ex- 
planations he is called upon to give of it, and the same practice 
even now prevails among astronomers who, thereby, axe enabled 
to diminish the labour of computing the places of the sun, moon, 
and planets. 

Plato, who was probably contemporary with Calippus, in the 
dialogue Epinomis, after observing that the science of astronomy 
is not that which Hesiod and other writers of his day have so 
denominated, and which relates only to the times of the rising 
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and setting of stars, has given a detail of the seveial duties of an 
astronomer from which we may perceive what, in that age, was 
considered as such. He is directed to observe the solstices and 
seasons, the duration of the moon’s revolutions and the stars 
which are seen with the sun ; the last expression probably signify- 
ing the elongations and oppositions of the planets with respect to 
that luminary, of which, as weU as of the days of the solstices 
and of the times and circumstances of eclipses, there is no doubt 
that registers were then kept for the purpose of determining the 
periodical times of the apparent revolutions of the sun, moon, and 
planets. Wliat has been just mentioned seems to have consti- 
tuted nearly the whole of practical astronomy among the early 
Greeks, but Plato has directed that the philosopher, in the closet, 
should study the theory of the science , he particularly exhorts 
him to consider the positions of the eight spheres, and to investi- 
gate the revolutions of the seven last under the first , and pro- 
poses that he should labour to discover a method of representing 
by circles all the apparent celestial motions ; which may mean 
that efforts should be made either to improve tire then existing 
system of material and concentric spheres, or to account for the 
planetary movements by supposing them to be performed in the 
circumferences of imaginary circles, whether concentric or not. 
The stationary appearances and the retrograde motions of the 
planets seem to have been the great impediments to the forma- 
tion of a satisfactory system of the universe, and a corresponding 
importance seems to have been attached to the investigations 
whose object it was to explain them. Ptolemy informs us that, 
in pursuance of the suggestion of Plato, Apollonius of Perga, 
who lived about 242 years before Christ, was the first to resolve 
the problem concerning those appearances and motions ; and 
that he accomplished it by the invention of epicycles, on the 
circumferences of which the planets were supposed to move 
while the centres of those moved on the circumferences of the 
principal Dibits. The epicycles afterguards became leadmg fea- 
tures in the different systems of the universe ; m what are called 
the middle ages they were combined with the material spheres 
more anciently invented, and the combination produced various 
systems, equally revolting from their complexity, which succes- 
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sively prevailed in Europe till the days of Kepler, when th6 dis- 
covery of the true nature of the planetary orbits caused them to 
be entirely abandoned. 

The arrangement of the planets according to the ideas of Plato 
is exhibited in the dialogue Timeeus, where it is stated that the 
« Divinity formed the sun, moon, and five other stars called planets 
for the purpose of mariing the divisions of time ; an office which 
is identical with that assigned to them by Moses, who says they 
were" created for signs and for seasons, for days and for years. 
These stars are said to have been placed in seven orbits or 
spheres of which that of the moon is the first or nearest to the 
earth, and the orbit of the sun, the second ; that, as the speaker 
observes, the heavens might be completely enlightened. Lucife- 
rus, or Venus, and Stilbos or Mercury, it is added, were placed 
in spheres which are endowed with a velocity of motion equal to 
that of the sun ; and this is conformable to the hypothesis of 
Eudoxus, but it is evident that Plato, like the Egyptians, con- 
sidered the surfaces of these spheres to be beyond the sun with 
respect to the earth, for Timseus expressly states that, if placed 
below the sun, they would cause eclipses, which implies that 
those planets were then acknowledged to be opaque bodies : 
such eclipses or transits, as they are called, are phenomena now 
well known to take place when those planets come between the 
sun and the earth, but, as they can only bp observed with 
telescopes, the reasoning of Timseus must have, then, appeared 
conclusive; and it* was probably this argument which induced 
Plato to assign the above mentioned disposition to the mferidr 
planets, in opposition to that supposed by Pythagoras, who, as 
Plutarch obseives^, hke the ancient Chaldeans, placed those 
planets below the sun. The three remaining planets, Pyroenta, 
Phaethonten and Phaeno, by which epithets Mars, Jupiter and 
Saturn were designated, follow each other in order, but no ex- 
planation IS given of their orbits on account, as is stated, of the 
complexity of the subject : these planets may be said to have 
been, by all philosophers, placed beyond the sun, and the only 
exception to the general opmion is that ascribed to Anaximander 
and Metrodorus who, according to Plutarch^ assigned the 
* Be Muwea. ^ De Placitis, Lib. 11. Cap. 15. 
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highest place to the sun, the next lower to the moon and, under 
them, the fixed and wandering stars : a similar notion is said to 
have been entertained by the Hindus, but it is probable that 
both are to be considered as poetical conceptions rather than 
the results of philosophical enquiry. 

The sphere of the fixed stars, or the inerratic sphere, as it is 
called, was, Timseus continues, fabricated by the Divinity 
chiefly of fire and of a sphencal form, that it might be splendid 
to behold and assimilated to the figure of the universe : a cir- 
cular motion was given to it, but to the stars themselves were 
adapted two movements ; one by which they might all revolve 
in the same manner, (from east to west daily,) and the other, to 
carry them forward continually ; which has been supposed to 
refer to the real, or to a fancied motion of precession. These 
stars were formed, as Timaeus supposes, previously to the 
planets, and he adds that the Divinity created the earth, the 
common supporter of our existence, the producing cause of day 
and night, and the most ancient of the gods: this, he asserts, 
must not be understood as immoveable on the axis of the uni- 
verse but rather, as endowed with a revolving motion, it is 
impossible, however, to determine from so brief a description 
whether by this is meant the diurnal or annual revolution. 

The part of the subject which relates to the practice of as- 
tronomy, and which would have been the most interesting to 
us, is omitted by Timseus ; who merely observes that, with re- 
spect to the conjunctions and oppositions, the direct and 
letrograde movements of these celestial beings, as he calls the 
planets, and the times when they become eclipsed, it would be 
fimitless to attempt an explanation without inspectmg flieir re- 
semblances , this passage, however, is remarkable as it seems to 
refer to some kind of machine, then in use, for exhibiting the 
movements of the planets. 

The most celebrated disciple of ^ the Academia, or School of 
Plato, was Aristotle, who pursued his enquiries into every de- 
partment of nature, and established a system of philosophy 
which, during nearly two thousand years, continued to be almost 
the only object of instruction in the schools of Europe and Asia, 
and was constantly appealed to by the learned as containing a 
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code of doctrines whose truth admitted of no dispute. He was 
the author of two works on astronomical subjects, one of which 
is lost and the other, entitled De Coelo^ contains only some ge- 
neral notions, not always just, concerning the form of the earth 
and the movements of the heavens. In this treatise he en- 
deavours to shew that the universe existed from eternity anrf is 
imperishable, but his only argument in support of this position 
is drawn from an idea that the celestial bodies are endowed with 
circular motions ; from whence he concludes that they are simple 
substances different from the four elements earth, water, air and 
fire, and exceeding them in essence and power. Like Plato he, 
also, designates them animals because they seem to move in- 
dependently of any sensible or external cause. The circular 
motion implying an eqtiihbrium between two contrary tendencies 
to move in the direction of the radii, the ancients saw no reason 
to believe it could change into any other kind of motion ; and 
since there was no reason to suppose that motion once existing 
in a particular direction would ever cease when there was 
nothing to oppose it, the causa sufficiens seemed to justify the 
opinion that the circular motion observed in the heavens would 
continue for ever : lastly, as no reason can be given why a body 
at rest should, of itself, begin to move, it was natuial to con- 
clude that the universe had existed from eternity in its actual 
state. Such was the reasoning of Aristotle and, at the present 
day, we can only refer the origin of the universe, its contmuance, 
and its dissolution, should this last event at any time take 
place, to the power and will of the Deity. 

That the planets moved in circular orbits and with uniform 
velocities were circumstances universally admitted among the 
ancients. The Pytliagoreans, says Gcminus, when fiist they 
apphed themselves to these subjects, adopted that opinion con- 
cerning the motions of the sun, the moon, and the erratic stars ; 

because, in these divine and eternal bodies no irregularity can 
exist : and it wiU be found from the writings of Aristotle that 

the notion rested both on the supposed divinity of the heavenly 
bodies and on the fancied qualities of the circle ^ which, having 
neither beginning nor end, was considered as the most perfect 
* De Apparentiis Ocelestibus. ^ De Coelo, Lib. I. Cap. 2 
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of all geometrical figures, and on that account, alone proper to 
represent the celestial movements. But this imagined uni- 
formity of movement was. not thought sufficient ; and it appears 
that Aristotle conceived ^ the real velocities of all the planets, 
in their orbits, to be equal ; their different apparent angular ve- 
locities being supposed to be caused by the differences of their 
distances from the earth, the pretended centre of their motions ; 
the only reason given, however, for this opinion is that the 
planets which are nearest the earth had been shewn by ma- 
thematicians to move with the greatest (angular) velocities, and 
those more remote, with less, tn proportion to their distances. 
But the proof must have been imaginary, since the relative dis- 
tances of the planets were then only known hypothetically. 
The spherical form of the universe was, also, concluded fi:om 
the supposition of its perfection and its existence from eternity ; 
for Aristotle argues ^ that the sphere is a perfect figure since it 
is bounded by one uniform surface, and that it is the most 
ancient of figures, because that which is perfect is necessarily 
anterior to that which is imperfect. The sphericity of the moon 
is more philosophically proved fi’om a consideration of her 
phases , and, because the moon is round, he concludes ® that all 
the other celestial bodies must have the same form. 

Aristotle admits the globular figure of the earth, and supports 
the opinion by those arguments which have ever since been 
urged on the subject : 

Idcirco terns non omnibus omnia signa 
jConspicimus, nusquam invenies fulgere Canopum, 

Donee Niliacas per pontum veneris oras, 

Sed quasi ent Helicen, quibus ille supervenit ignis. 

Quod laterum tractus obstant, medioque tumore 
Eripiunt terras ccelum, visusque coercent \ 

He also asserts” that mathematicians have found its circumference 
to be 400,000 stadia, which was probably ascertained by means 
Kitnilar to those subsequently employed by Eratosthenes and 
Posidonius, but we are quite ignorant of the length of the 
staduun by which that measure is expressed. It is remarkable 


• De CcbIo, Lib. II. Cap. 10. 

^ Astronomicon, Lib. I. ver. 215. 


b Ibid. Cap 4. Ibid. Cap, II. 

® De Coelo, Lib. II. Cap. 14. 
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that he considers the south pole as the highest part of the uni- 
verse and the north pole as the lowest, but the reason may be 
that persons inhabiting the northern hemisphere, going towards 
the equatorial regions where the heat is greater, seem to be 
ascending towards the sun, the source of heat; and, going 
northwards, seem to be descending from him. The earth, m 
accordance with the opinion then generally entertained, that it 
Is an inert mass, and the place to which heavy bodies tend in 
their descent, he considers ^ as fixed in the centre of the uni- 
verse, which he supposes to revolve about it. In his treatise 
De Meteor a he asserts that the shadow of the earth is conical, 
assigning as a reason that the sun is the greater body ; and, as 
he states that the distance irom the centre of the earth to the 
vertex of the cone of the shadow is less than the distance of the 
sun from the earthy it is evident that he must have considered 
the diameter of the former to be more than double that of the 
latter. He notices the frict that the moon always presents the 
same face to the earth, and Plutarch alleges that he conceived 
her spots to be the image of the ocean represented on her sur- 
face as in a mirror. He coincides in opinion with those who 
have asserted that there may be many other planets, besides the 
seven then known, and that they revolve about the centre of the 
umverse but are concealed by the earth ; and he adds that those 
planets may be the causes that we have a greater number of 
visible eclipses of the moon than of the sun, since each of them 
as well as the earth, may intercept the light of the sun : but 
this expression, while it betrays considerable ignorance of the 
celestial motions, yet, demonstrates the fact that the cause of 
lunar eclipses was, then, well known to the Greeks 

In his treatise De Metaphysical, Aristotle explains his im- 
provement on the system of concentric spheres which had been 
proposed by Eudoxus and Calippus. According to his com- 
mentator Simplicius, for the text is very obscure, he considers 
that the system of spheres belonging to" each pjanet will, by its 
connection with that of the next inferior planet, cause the latter 
system to revolve with a movement equal in velocity and direc- 

* De Co^o, Lib II. C^p u Ibid Lib 1. Cap 13. 

Faoie, sect. 2. i Lib. XII. Cap. B 
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tion to that which results from the combinatioii of the move- 
ments of the spheres belonging to the former system 5 and thus 
he conceives that the movement of each planet would be vitiated 
by that of the next exterior planet ; in order, therefore, to coun- 
teract this effect he proposes that, on the exterior of the system 
of spheres belonging to each planet, except Saturn, which being 
the most remote is not affected by any thing beyond it, there 
should be another system producing, by the combination of its 
movements, a motion equal and contrary to that produced by 
the next exterior system ; thus destroying the latter motion and 
permittmg the next interior planet to be moved only by the 
action of its own system of spheres. The spheres, therefore, 
which belong to each planet are distinguished by Aristotle into 
deferents^ which are those communicating motion to the planet 
as in the system of Calippus, and restituents^ which are those 
employed to counteract the effect of the former on the spheres 
of the next inferior planet ; and he observes that the number of 
the latter which are to be assigned to each planet must always 
be one less than the number of deferents, probably because the 
velocity of the sphere produemg the diurnal motion in each 
planet was the same as that of the sphere of the fixed stars, and 
therefore no counteraction to that movement might be thought 
necessary. The number of restituents was supposed equal to 
twenty-two, and hence, that of the spheres of both kinds, includ- 
ing the sphere of the fixed stars, was fifty-five. The opinions 
of the ancients concerning the sphere of the fixed stars, or, as it 
was commonly called, the eighth sphere, so frequently alluded 
to in their writings, are very imperfectly known; there is no 
doubt that, origmally, it was supposed to be material and that 
the stars were imagined to be attached to its interior surface ; 
but a more philosophical sentiment is expressed by Gemmus 
who treats the above as a vulgar error , he observes that some 
stars are much further from us than others, and alleges, as the 
reason why we are not sensible of the fact, that the eye cannot 
judge of distances in directions tending from it. In the S omnium 
Scipionis, Cicero, with whom Gemmus was probably contem- 
porary, supposes die spectator to be situated in the Via Lactea, 
^ De Apparentiis Coelestibus. 
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from whence, he says, may be seen stars which are not visible 
from the earth; which seems to shew either that the eighth 
sphere was thought to be ideal, or that, if material, its thickness 
was considered of immense extent. 

In the age of Aristotle was made the first recorded observation 
of the sun ; and, from it, we derive a proof that the Greek astro- 
nomy must then have penetrated beyond the Alps. Pytheas, an 
astronomer of Marseilles, is said by Strabo ^ to have set up in that 
city a gnomon and, at the noon of the day of the summer-solstice, 
to have found that the length of the shadow it cast was to the 
height of the gnomon itself in the proportion of to 120 ; 
and, as the extremity of the shadow of an upright pillar is formed 
by the rays emanating firom the upper limb of the sun, it follows 
that the observed zenith distance of that part of the sun’s disc 
must have been 19° 12' 18" ; therefore,, correcting this observa- 
tion on account of the refraction of the atmosphere, for the ap- 
parent semi-diameter of the sun and, assuming the latitude of 
Marseilles to be, as is now known, equal to 43° 17' 43" north, it 
can easily be shewn that the obliqmty of the ecliptic to the 
equator must, in those days, have amounted to 23° 49' 18", a 
determination of considerable importance because, by compa- 
rison with others subsequently made, the piogressive diminution 
of the mclination of those circles to each other has been proved. 
Stiabo, we must however observe, alleges^ that Hipparchus, on 
the authority of Pytheas, considered the length of the shadow to 
be the same both at Marseilles and Byzantium ; but the latitude 
of this last place is less than that of the former by about 2| de- 
grees, therefore the observations made at one or both of these 
places must have been very erroneous ; and if it were not that 
the obliqmty of the ecliptic, determined by the length of the 
shadow at Marseilles, coincides nearly with that deduced from 
the rate of diminution which results from a comparison of later 
observations, little stress would be laid upon this determination 
in support of the fact that the mclination of the ciicles has 
changed. Pytheas is said to have made a voyage to the Ultima 
Thule (Iceland), where he saw the sun touch the northern side 
of lire horizon on the day of the summer-solstice when at the 
* Oeogiaphise, Lib. II. ^ Ibid. 
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lowest point of his diurnal course ; a phenomenon wMch must 
have been considered as deciding the question of the earth’s 
rotundity, if any doubt at that time existed concerning the fact. 

In this age the influence of the moon upon the waters of the 
ocean appears to have been observed ; for Plutarch expressly 
states that Pytheas of Marseilles imagined the increase of the 
moon to be accompanied by the rising of the tides, and her wane, 
by their falling* it is, also, probable that the Gieeks were, then, 
or soon afterwards, awaie of the diflerences produced in the eleva- 
tion of the waters by the union or contrariety of the actions of the 
sun and moon , since, according to Strabo Posidonius describes, 
in the following manner, the diurnal, the monthly and the annual 
tides. Speaking of the fiist, he says, the ocean continues to rise 
from the time the moon is one sign above the eastern side of the 
horizon till that of her arrival on tlie meridian, and to descend 
from this time till she is near the western side , in like manner, 
it again rises till the moon is on the meiidian below the pole 
and, subsequently, falls till she has returned to the east. Of the 
second, he observes that the tides are said to be extraordinanly 
high at the time of new and full moon, that is, at her conjunc- 
tion and opposition with the sun, and extraordinarily low when 
the luminaries are in quadrature ; such aie, in fact, those we 
call spnng and neap tides. With respect to the third land, he 
says, it is found that the tides are the highest when the new and 
full moons occur at the times of the equinoxes , and similar 
descriptions of the tides are given by Seneca and Pliny. In 
earlier times the wildest notions seem to have been entertained 
concerning these phenomena. Pomponius Mela‘S says it was 
the opimon of some Pythagoreans that the earth was a living 
animal, and that the flowing and ebbing of the sea were caused 
by the emission and inspiration of its breath , but it is easy to 
perceive that this could have been nothing more than a figure of 
speech. Plato, m his dialogue Timajus, makes the tides depend 
upon the greater or smaller quantity of water which flows, from 
the mountains of Gaul, into the Atlantic ocean : and Seleucus 
ascribes them to a contrariety in the directions of the movements 

of the earth and moon, by which the air, being compressed be- 
* *. 

* De Placitis, Lib. III. cap. 17. ^ Geograpli. Lib. III. * Geograpli. 
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tween them, falls on tlie Atlantic and agitates it with a recipro- 
cating motion A similar action on the waters is supposed by- 
Aristotle who, however, lefers the cause to the sun which, he 
observes, moves the atmosphere and carries it about the earth ; 
thereby causing the ocean, alternately, to advance, and recede 
from, the shores. 


Plutarch, ubi supreL 
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CHAPTER X. 

ASTRONOMICAL WORKS OF THE EARLIEST GREEK OBSERVERS. 

Formation of the Alexandrian school. — The geometncal and astionomical 
woiks of Euclid — The works of Autolycus — of Aiatus. — Observations made 
by Aristyllus and Timocharis — The obliquity of the ecliptic and the mag- 
nitude of the eaith determined by Eratosthenes — His opinion concerning 
the motion of the eaith —Method employed by Archimedes for measuring 
the sun’s visible diametei. — IMethodof finding the parallaxes of the sun and 
moon. — The systems of eccentric orbits, and of concentiic oibits with epi- 
cycles. — The various motions of a planet m a simple eccentric oibit explained 
— The motion m an epicji'cle explained. —Nature of the planetary revolutions 
in the system of epicycles. 

We hear nothing of the Grecian schools after the time of Aris- 
totle, and those Emopeans who sought to acquire a knowledge 
of the sciences, particularly of astionomy, again repaired, for 
that puiposc, to Egypt The Academia and the Stoa wcie, 
probably, still frequented by the youth of Athens to hcai* the 
lectures of those who filled the chairs of Plato and Zeno, but 
the successors of these philosophers seem not to have deviated 
from the path they had formed, nor to have added to their dis- 
cov'eries any thing woithy of preservation. The decay of science 
in Greece was, probably, caused by the unsettled state of that 
country after the death of Alexander; and its revival in Egypt 
is to be ascribed to the patronage accoided to learned men by 
the sovereigns who were seated on the throne of the Pharaohs. 
After the conquest of Egypt, Alexander employed the abilities 
of Dinocrates m a work more useful than that of cutting Mount 
Athos into the figure of a man, which the artist had proposed 
to execute, for he appointed him to superintend the building, 
near one of the mouths of the Nile, of a city which was to- be 
called by his name, and was, afterwards, to become so famous 
in the history of the sciences. Here the second Ptolemy, who 
ruled the African portion of his conquests, established a school 
which, from the talents of the persons connected with it, was 
honoured with the epithet Divine, and among these philoso- 
phers were some who ai*e distinguished by being the first to 

o 2 
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adopt the true method of proceeding in the investigation of the 
laws of nature, which is that of reasoning not from assumed 
hypotheses, but from actual observation of the phenomena she 
presents. 

The celebiated Euclid, who lived about three hundred years 
before Christ, is the first teacher in the institution at Alexan- 
dria, whose woiks have reached us, and we see from his geo- 
metrical elements how much greater was the attention then 
paid to matteis of pure speculation than to those of a physical 
natoe. In that work are contained the principal properties of 
lines and numbers, and of geometrical figures both plane and 
solid, the equalities of the surfaces and solidities of these last, 
under various conditions, are proved; and the proportions exist- 
ing between them are exhibited in cases where comparisons are 
admissible. In every proposition the most minute care is taken 
to preserve the ngour of mathematical demonstration ; no proof, 
from a mechanical comparison of magnitudes is made except 
in a few cases where, from the simplicity of the subject, a dif- 
ferent kind becomes inapplicable , and scarcely on any occasion 
is a thing required to be done, the means of doing which have 
not been previously given. This great work, which has since 
been umversally employed m elementary instruction, is divided 
into sixteen bo6ks, (the two last of which, however, are ascribed 
to Hypsicles, another professor belonging to the same estabhsh- 
ment,) and contains many discoveries of Pythagoras, Eudoxus, 
and other celebrated men among the European Greeks : but it 
is remarkable that though vast labour must have been bestowed 
in the investigation of these propositions, some of which axe of 
considerable mtricacy, no example occurs, in the work, of the 
application of numeial values to the lines or angles which con- 
stitute the figures. It may easily, therefore, be conceived that 
the values of arcs of circles in the celestial sphere wore not, in 
Euclid’s time, expressed by numbers, and that the determina- 
tion of the sides or angles of figures by any process like that of 
trigonometry had never, then, been made. 

In a treatise on optics, Euclid shows how to measure the 
height of an object by its shadow, or by viewing its image 
reflected from a mirror, but no relation is stated between the 
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angles and sides of the triangle formed by the object, the hori- 
zontal plane and the visual lay , and the result is obtained by a 
simple graphical solution. In the same work we have an exam- 
ple of total ignorance concerning an important point of natural 
philosophy ; when, in speaking of vision, it is said to-be obtained 
by rays of light diverging from the eye in right lines tending to 
the object ; the contrary of which is now so well known. It is 
worth while to remark that Euclid here describes the forms which 
cylinders and spheres assume when seen by the eye, because 
this may be considered as the first circumstance we are ac- 
quainted with concerning the history of perspective, to which art, 
however, it does not appear that the ancients ever paid much 
attention. 

But we are most immediately interested in a work of Euclid 
entiiledPJKBnomenay which relates to astronomy, and, as its name 
implies, treats of the visible movements of the heavenly bodies : 
it exhibits some of the first steps made in a new science by one 
who reasons upon what he secs, without going beyond the first 
notions arising from a view of the heavens ; and, therefore, it 
may be considered as a proof that astronomy had not, before 
tliat time, been reduced to an elementary form. He observes 
that all the fixed stars describe circular movements about an 
axis which is oblique to the honzon, and that there is a certain 
star between Ursa Major and Ursa Minor towards which die axis 
is directed, a circumstance not strictly correct, since the star al- 
luded to, probably a Draconis, was then at the distance of about 
nine degrees from the north pole ; but it is likely enough that 
Euclid, in this statement, did not attempt any great precision. 
The same star is referred to, in a work ascribed to Eratosthenes, 
^and designated the star about which the heavens revolve. For 
teasons similar to those which we have before given, he concludes 
that the apparent movements of the stars are conformable to those 
of bodies on a spherichl surface, and he expresses himself as if 
he considered the stars to be attached to the interior surface of a 
material shell having that figure. Like Thales he mentions the 
meridian, the equator, the two tropics, and that which was then 
called the arctic circle, which was a circle parallel to the equa- 
tor and touching the horizon on the northern side , consequently 
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it cut from the sphere a segment containing all those stars which, 
to the view of the observer at any given place, never set. With 
these few elements Euclid forms a number of propositions re- 
lating to the times at which certain given arcs of the circles of 
the sphere begin to rise and set, and to those which they employ 
in ascending above, or descending below the hoiizon. 

About the time of this distinguished mathematician, two astro- 
nomical works similar to that ]ust mentioned, and, like it, indi- 
cating the very infancy of the science, were composed by 
Autolycus, a disciple of the same school. One of these works 
contains the definitions of parallel, nght and oblique spheres, and 
exhibits a few of the pioperties arising out of the revolution of a 
sphere, with a unifonn motion, about an axis , these are reduced 
to propositions which are geometrically demonstrated ; and, to 
give an idea of the nature of the w'-ork, among many other the- 
orems equally simple, the writer proves that every point on the 
revolving sphere describes arcs propoitional to the times ; that, 
of two pomts which ascend at the same instant above the plane 
of any oblique circle, like the honzon, that which is nearest to 
the pole, in descending, aiTives the latest at that plane, and the 
conveise No mention is made of any observation ; and it is 
evident that all such propositions may be illustrated by means of 
an artificial globe on which the circles of the sphere axe repre- 
sented. The other work treats of the risings and settings of stars, 
a subject which must, in those days, have been of considerable 
importance, and which, indeed, dunng a long peiiod, constituted 
nearly the whole of astronomy ; by these phenomena, the places 
and movements of the sun were determined and the labours of 
agiiculture regulated, for which pm.'poses, the days when the 
principal stars would begin and cease to be heliacally visible 
were ascertained and marked in the calendars. The observa- 
tions of celestial bodies, when in the horizon, have, however, 
been long since superseded by those on the meridian, and the 
times of the cosmical, heliacal, and acronical risings and settings 
of stais are now contemplated only as far as they may be neces- 
sary to illustrate the writings of the ancient astionomers and 
poets. 

The natural way of detemiimng the time when any given star 
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began or ceased to be visible would be, to suppose the sun at 
that moment at a certain distance below the horizon,' in the di- 
rection of a vertical circle passing through the luminary ; and 
in general, the ancients actually supposed that distance to vary 
from 10 to 18 degrees, according to the magnitude of the stai ; 
but Autolycus estimates the distance of the sun below the hori- 
zon, at the time of the heliacal appearance of the star, by an arc 
of the ecliptic equal in extent to 15 degrees, a mode which cannot 
fail to be m many cases erroneous, because, from the different 
angles which the ecliptic makes with the horizon in different 
seasons, the sun, at a given distance from the intersection with 
the horizon, will be variously depressed in the direction of a ver- 
tical circle. In, the work of which we are now speaking, Auto- 
lycus proves that the heliacal risings of stars will happen some 
days later than their cosmical risings, and their heliacal settings 
some days earlier than their cosmical settings, all which is suffi- 
ciently evident ; ’ and he, afterwards, proves that, of those stars 
which rise and set, any one will continue visible by night about six 
months ; a loose determination which could be of no use but to 
enable the observer to anticipate within some days the time at 
which a particular star would first be seen to rise in the evening, 
and the period during which it may be seen above the honzon. 
In later times, when trigonometry was applied to astronomy, the 
deteiminations of the usings and settings of stars were more pre- 
cise, and tables were calculated to facilitate the computations , 
but since the mode of observing has changed, these have been 
laid aside as useless. The ecliptic oi, as Autolycus calls it, the 
zodiac, must, in his days, have been divided into twelve equal 
parts, since he gives the name of dodecatemories, or twelfth 
parts, to the signs on that circle ; but this kind of division does 
not appear to have been, then, generally used. 

About the year 270 Before Christ Aratus of Macedonia para- 
phrased, as we have before observed, the description of the con- 
stellations composed by Eudoxus ; and though it is impossible 
to say how much he may have added to the original work, it 
probably is but little, since the paraphrase shews only the posi- 
tions of the constellations and of the piincipal stars in them re- 
latively to each other, no mention being made of the longitudes 
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or latitudes, the riglit ascensions or declinations of the celestial 
bodies : indeed, of the circles of the sphere themselves, he only 
mentions the tropics, the equator and the ecliptic or, as he calls 
it, the oblique circle ; and it is remarkable that he speaks of the 
Galaxy as if it were one of these The constellation Libra is 
not mentioned, and the claws of Scorpio are descnbed as ex- 
tending far towards Virgo. He gives to the Pleiades the names 
of the seven daughters of Atlas, observing that seven were for- 
merly reckoned, though, in his time, there were but six; but he 
adds that the seventh is not lost, probably meaning that it had 
only ceased to be visible or was become very obsemre ; the dis- 
appearance of one of these stars is also remarked in a work as- 
cribed to Eratosthenes who, with several other celebrated mathe- 
jnaticianS; was contemporary with Aratus. There is reason to 
believe that in these times, if not in that of Eudoxus, representa- 
tions of the heavens on a plane surface must have been in use ; 
for, m the description of some of the northern constellations, a 
misplacement occurs which Attains, one of the commentators on 
the work of Aratus, conceives to arise from the circumstance that 
the figures are drav^m as if they were seen fiom a point on the ex- 
tenor of the sphere ; and Hipparchus, in his remarks upon this 
passage, asserting the mistake, observes that the figures are drawn 
just as we see them, meaning that they are drawn as if seen by a 
spectator placed at the centre of the sphere. 

Hitherto the works of the Greek astronomers contain but a 
dry enumeration of the constellations, and a few notions respect- 
ing the risings and settings of the stars, but we arc now come to 
a time when the first efforts were made to obtain some know- 
ledge of the distances and magnitudes of the earth and heavenly 
bodies , and, though the results of these enquiries were very wide 
of the truth, yet the methods employed in conducting them disr- 
IDlay considerable ingenuity and serve to shew how, with better 
instruments, a useful approximation to the elements of the pla- 
netary system might have been obtained. 

Among the illustrious men who distinguished themselves at 
this period as observers of the heavens and who, thereby, con- 
tributed greatly to the advancement of astionomy, Aristyllus 
and Timpcharis, the immediate successors of Euclid and Autoly- 
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CHS in the School of Alexandria, deserve particularly to he men- 
tioned, though they are only known to us by the relation which 
Ptolemy has transmitted “ of their observations for findmg the 
days of the solstices, and the longitudes and declinations of the 
stars Spica Virginia, Regulus and Castor : the places of these 
stars are expressed m degrees and fractions and, therefore, they 
must have been ascertained by means of graduated instruments ; 
which, consequently, were then in use though, probably, but re- 
cently mtroduced in the practice of the science , for the two 
astronomers are, also, said to have fixed the places of planets by 
the intersections of hnes passing through the neighbouring fixed 
stars, and to have estimated small distances in the heavens by 
diameters of the moon; sure proofs that the old and less correct 
methods of observing were not, in then tune, wholly abandoned. 
We shall hereafter find that the observations of Anstyllus and 
Timochaiis were used by Hipparchus, together with his own, for 
the purpose of ascertammg the length of the year ; and they are 
supposed to have afforded this great astronomer a guide to the 
knowledge of the movement of the equmoxes. The graduated 
mstruments above alluded to must have been siimlar in construc- 
tion to those employed by Eratosthenes who, in the order of time, 
closely followed the two philosophers above mentioned, and, in 
the account given by Ptolemy of the labours of this mathema- 
tician, we have the first description of the nature of that kind of 
mstrument and of the mode of its apphcation in making celestial 
observations. 

There appears to have been placed in the centre of a peristyle 
at Alexandria a large equatorial axmilla which was used by 
Eratosthenes or some of his predecessois for the purpose of 
findmg the latitude of the place of observation, the obhquity of 
the ecliptic and the times of the equmoxes and solstices. It 
consisted of one circle of brass, adjusted so as to comcide with 
the plane of the meridian, and of a concentric circle, parallel to 
the equator ; and it is easy to conceive that by a plummet sus- 
pended from the upper part of the instrument, to shew the po- 
sition of a vertical line, and an alidade directed to a celestial 
body, when on the meridian, the zemth distance and decimation 
^ Almagest, Lxb. VII. cap. 1 and 2. 



202 'astkonomical woeks [chap. 

of that body cotdd be found. The method of determining the 
arrival of the sun at the equinoctial point by the same instru- 
ment may be concluded h:om an expression used by Hipparchus 
who relates, speaking of an equinox observed m the thirty-second 
year of the third Calippic period, that twice in the same day the 
circle at Alexandria appeared enlightened on both sides ; the 
first time, soon after sun-nse, and the second, about the fifth 
hour or about an hour before noon^; it is* evident, therefore, 
that the circle must have been fixed in the plane of the equator 
and that the time of the arrival of the sun in that plane was as- 
certained by the simultaneous illumination of the upper and 
undei smfaces, or by the shadow of the anterior part of the 
ring falling only upon the thickness of the concave circumfeience 
at the posterior part, which, of course, indicated that the sun’s 
disc was bisected by the plane of the circle pioducod. That the 
effect should have taken place twice in the day may be accounted 
for by the retraction of the sun’s light, in the atmosphere, being 
greater when the celestial body was near the horizon than when 
near the meridian, which might cause its centre then to appear 
in, and even above, the equator when it was in reality below 
that plane; but, near noon, the diminution of the declination 
might compensate the diminution of the refraction and then the 
sun’s centre would again appear in the equator. And it is 
evident that since, in those days, the effect* of rej&action w^as 
unknown, the time of the equinox, thus determined, must have 
been, on that account, erroneous 

Mention is made by Ptolemy of what is called a solsticial 
amulla which ^ithei was placed, or was intended to be placed, 
in the same situation, for it is uncertain whether it was actually 
constructed or whether it was only proposed. It seems to have 
resembled the last mentioned instrument but to have had no 
circle in the plane of the equator ; and, according to Ptolemy’s 
description, it must have been a circle of brass, placed in the 
plane of the mendian, having on it two small gnomons or sights 
(probably one at each extremity of a moveable alidade) that, 
when the shadow of the upper one covered that below, the 
graduations of the circle might shew the height of the sun’s 
® Ptolemy, Almagest, Lib. III. cap. 2. 
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centre above the horizon. We have no information concerning 
the nature of the graduations but, as Ptolemy always expresses 
his own observations in degrees and sixths, it is probable that 
each degree was subdivided into six parts or spaces of ten 
minutes each, and Delambre supposes that when fractions of 
degrees less than one sixth occur they were estimated by the 
eye. With this instrument, if it existed, the latitude of Alexandria 
may have been determined by Eratosthenes, and Ptolemy sup- 
poses it to have been considered equal to 30° 58' ; our latest 
observations make it about 31° 13'; the duOTerence is about 
fifteen minutes which it will be difficult to account for if we sup- 
pose the observations to have been made wuth the circle just 
mentioned ; for this, by giving the altitude of the sun’s centre, 
would have permitted a result to be obtained much nearer the 
truth : and, hence, Delambre suspects with some reason that the 
latitude had been determined not by the armilla but by a gnomon, 
which, since it gives the altitude of the sun’s upper limb would, 
if no correction w-ere made to reduce it to the altitude of the 
centre, cause the latitude to be too small by about that quantity. 

With the determination of the latitude of the place of obser- 
vation IS connected the problem of the obliquity of the ecliptic ; 
and the latter was probably attempted by Eratosthenes at the 
same time as the foimer, either by observmg the lengths of the 
shadows cast by a gnomon, at noon, on the days of the summer 
and winter solstice, or by taking the altitudes of the sun on those 
days with the solstitial armilla, for the difference of these alti- 
tudes IS equal to the interval between the tropics ; that is, to 
double the inclination of the ecliptic to the equator. We are 
ignorant which of these means was employed by Eratosthenes 
and we only know that the value he obtained for the above- 
mentioned interval was of the circumference of a circle, or 
47° 42' 25" ; hence the obliquity of the ecliptic must have been 
23° 51' 12" ; which is nearly the same as Ptolemy found it to be 
firom his own observations ; and this astronomer informs us that 
23° 51' 20" was the measure of the obhquity employed by 
Hipparchus. 

The globular figure of the earth must have been generally re- 
cognized and, as is evident from the value assigned to its circum- 
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ference by Aristotle, efforts must have been very early made to 
ascertain its magnitude ; but these ancient determinations were 
probably not, in the days of Eratosthenes, considered sufficiently 
correct to satisfy the demands of science, and this philosopher 
seems to have been induced, in the hope of obtaining greater 
precision, to repeat the observations and admeasurements with 
greater care and with instruments more accurately constructed. 
In puisuance of this object Eratosthenes observed, as we are 
informed % that, at Syene in Upper Egypt, on the day of the 
summer-solstice, the sun, at noon, was exactly vertical, so that 
a well there was enlightened to the bottom , and that, at Alex- 
andria, on the same day at noon, the sun’s zenith distance was 
equal to one fiftieth of the circumference of a circle ; that is, to 
7° 12' ; which, therefore, is the difference of the latitudes of the 
two cities, or the value of an arc of the terrestnal meridian be- 
tween them, supposing the sun’s distance from the earth to be 
so great that its parallax may be disregarded, and the places to 
Jie under the same meridian, the last of which suppositions is, 
however, not strictly true. But admitting that these places are 
so situated and that the earth is of a sphciical form or, at least, 
circular in the direction of the meiidian, the distance between 
tliem being ascertained, the circumference of the earth might be 
obtained. Now this distance was measured by order of the 
government and found to be 5000 stadia ; and, hence, the said 
circumference would appear to be equal to fifty times as much, 
or 250,000 stadia. It is observed, however, that Eratosthenes 
made the circumference equal to 252,000 stadia ; and hence it 
is probable that the fraction above mentioned was only an ap- 
proximation to the value of the true difference of latitude. Now 
La Place thinks it not likely that Eratosthenes would have con- 
tented himself with the rude observation of a well, enlightened 
to the bottom, for so delicate a problem as that of the latitude of 
a place, and he supposes ^ that this astronomei employed the 
lengths of the meridional shadows of the gnomon on the days of 
the solstices both at Syene and Alexandria ; then, if the angles 
subtended by the shadows were measured by an arc graduated 

® Cleomedes de Mundo, Lib. I. sect. De Teirae Magmtudine. 

^ Exposition du Systeme du Monde, Liv. V. 
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in sixths of a degree, or if the observations were made with the 
solstitial armilla, which was so divided, it is probable that the 
dilference of latitude would, from the observations, be found 
equal to 7° 10' which is equal to of the circumference for 
which the simple fraction might have been taken , but 
50 23x5000 gives 251,150, and Eratosthenes may have taken 
252,000 stadia for the sake of round numbers. The principle 
of the method employed by Eratosthenes to ascertain the mag- 
nitude of the earth is the same as that which has been adopted 
in modern times ; and the greater accuracy of our results is due, 
chiefly, to the improvements which have been made in the 
construction of the instruments used in linear and angular 
admeasurements. 

Subsequently to the time of Eratosthenes, Posidomus at- 
tempted the same problem, and, for this purpose, he observed at 
Rhodes the star Canopus which, in that latitude, only appears 
for a short time just in the horizon towards the south, while, at 
Alexandria, its meridional altitude is 7° 80', or of four right 
angles ; which, therefore, is equal to the difierence between the 
latitudes of the two places ; then having found, probably by the 
time spent in sailing from one to the other, the arc of the earth’s 
surface between them to be equal in length to 5000 stadia ; and 
supposing both to he on the same meridian, he concludes that 
the circumference of the earth is 48 x 5000, or 240,000, stadia ^ 
Ptolemy, by similar means, makes the circumference equal to 
180,000 stadia ; and we have shewn that Aristotle supposed it 
to be 400,000 stadia. The differences between these numbers 
are too great to allow us to imagine that they are due to errors 
in the operations and, therefore, it is evident that the stadia in 
which the measure is expressed could not have been of the same 
kind; indeed it is well known that, among the ancients, the 
stadium was of uncertain length, varying at different times and 
in different places. M. Bailly^ considers the round numbers 
in the above expressions as affording a proof that the stadia were 
certain arbitrary portions of the circumference of the earth, 
assumed for the sake of forming a standard of measure whose 
length should have reference to that of an invariable object in 

* Cleomedes de Mundo, Lib. I. ^ Astron. Mod. Eclairc. Liv. III. sect. 5. 
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nature ; and the opinion is, certainly, not destitute of probability 
nor is the practice without example in modern times , for it is 
remarhable that, soon after the death of Bailly, a standard of that 
kind was adopted in France ; the metre, or unit of length, having 
been fixed at one forty millionth part of the earth’s circumfer- 
ence, supposed to be measured in the direction of the meiidian. 

When the magnitude of the earth had been determined it must 
have been easy to obtain an approximate knowledge of the moon’s 
distance from it: for, knowing the semidiameter of the earth 
and the diffeience of latitude of two places on or near the same 
meridian, as Alexandria and Syene, or Bhodes and Alexandria ; 

pci’sons at both places to take simultaneously the 
zenith distance of the moon when on the meridian, there will be 
obtained data sufficient to determine by a graphical process, or 
otherwise, the distance required. It is highly probable that this 
element W'as, in or about the time of Eratosthenes, by some such 
means ascertained ; but some doubt seems to have existed about 
its real value, for Plutarch ^ observes that those who assign the 
least value to the distance of the mo6n from the earth make it 
equal to fifty-six semidiameters of the latter, Ptolemy shews ^ that 
Plipparchus made the distance from 62 to 72^ semidiameters, 
but, in his own computations, he supposes it equal to sixty , 
and this last value is very near the truth. 

Aristarchus of Samos, Archimedes of Syracuse, ^nd Eratos- 
thenes of Alexandria lived at or about the same time, and, while 
the last was employed in ascertaining the magnitude of the 
earth, the first distinguished himself by the method he proposed 
for determining its distance from the sun. In his yet extant 
work De magmtudzmbus et distanhis sohs et lunm Aiistarchus 
shews that when the moon’s disc is dichotomised, or exactly 
half enlightened, two lines drawn, one from the moon to the 
earth and the other from the moon to the sun, make with each 
other a right angle ; and he directs that the angular distance of 
the sun firom the moon should at that time be taken, which is 
possible because both of them may be then seen at once above 
the honzon , this angle, he states, will be equal to of a right 

angle ; that is, to 87 degrees ; and, by a graphical construction 
^ De Facie. ^ Alniagest, Lib. V. cap. 14. 
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of the problem, he from thence determines that the distance of 
the sun from the eaith is about nineteen times as great as that 
of the moon from the earth. The idea of Aristarchus is un- 
doubtedly just and does great honour to his sagacity, but two 
gTeat difficulties must have presented themselves in reducing it 
to practice, of which one is the unceitainty of the exact time 
when the moon is dichotomised and the other, the measurement 
of the angular distance by such instruments as were then in use ; 
for we, now, know that it is less than a right angle by about 
8 or 9 minutes of a degree, only, whereas Aristarchus supposed 
it to be less, by 3 degrees ; and consequently the distance of 
the sun from the earth is above twenty times as great as it is 
made to be in the above determination. Succeeding philoso- 
phers, by employing the same method and more perfect instru- 
ments, obtained results much nearer the truth and, according to 
Phny, the distances of the moon and sun from the earth were 
found by Posidonius to be, respectively, two million stadia and 
five hundred million stadia , but these values, which do not differ 
considerably from those assigned by modem astronomers, could 
only have been brought out by some fortunate chance arising 
from a compensation of errors. It was not till after the middle 
of the last century that the distance of the sun from the earth 
was ascertained with any thing like precision and, in the accom- 
plishment of this end, means were employed of which the 
ancients could have had no idea. 

* Some confusion prevails in the accounts we have of the value 
assigned by Aristarchus to the visible magnitude of the moon. 
In the work above quoted he states, probably from the observed 
duration of central eclipses of that luminary, that the semi- 
diameter of the earth’s shadow in the region of the moon or, as 
he calls it, the circle separating the light from the shadow, is 
equal to the diameter of the moon, again, in one place he 
makes the latter equal to of the ciicumference of a circle, 
or two degrees, and m another, the semidiameters of the sun and 
moon together are made equal to the same quantity ; it is pro- 
bable, however, that neither of these is what is meant, but that 
he supposed the diameter of the earth’s shadow to be two de- 
grees, which yet is erroneous, for we find it equal to about 82 
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minutes. Archimedes informs ns, in his Arenarius, that 
Aristarchus made the visible diameter of the sun equal to of 
the zodiac, or to half a degree, which is very near the truth, 
and it must have been evident that the visible diameter of the 
moon is about the same as that of the sun ; nevertheless he 
considers the linear diameter of the former to be between and 

•/g of her distance from the earth, which supposes her angular 
diameter to be between 2® 30' and 3° 50' : it must, therefore, be 
admitted that great errors have found their rray into the text of 
this ancient author , but, whatever may be the values which 
Aristarchus had found for the visible magnitudes of the sun and 
moon, he expressly asserts their equality and, from thence, 
justly concludes that their linear diameters will be directly pro- 
portional to their distances from the earth , therefore, agreeably 
to his previous determination of those distances, it will follow 
that he supposed the sun to be nineteen times as great, in 
diameter, as the moon. Aristarchus appears, moreover, to have 
had a correct notion of the vast extent of the universe , for, as 
is stated in the Arenanus, he observes that the movement of the 
earth does not much affect the apparent places of the stais, and 
concludes from thence that these are incomparably more remote, 
than the sun, firom the earth. Such are the determinations of 
this philosophei ; the first, probably, that were made concerning 
the magnitudes and distances of the celestial bodies ; and, from 
the processes employed, we may perceive not only that the 
direct observations of angular extent were veiy incorrect but 
that there existed no method, or such only as was very im- 
perfect, of applying a numeral calculus in the solution of 
propositions concerning plane triangles. 

Archimedes informs us that Aristarchus had composed a work 
in which he asserted the annual revolution of the earth about 
the sun ; and, from a passage m Plutarch, the same philosopher 
appears to have been aware of the fact that the revolution of the 
earth about an axis oblique to the honzon was the cause of the 
variable lengths of our days and nights. Plutaich, also, alleges 
that Cleanthus of Samos had endeavoured to explain the phe- 
nomena of the universe by supposing the heavens immoveable 
and the earth to revolve both in the ecliptic and on its axis. It 
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is remarkable, however, that Plutarch makes Aristarchus say, 
the Greeks ought to have prosecuted Cleanthus for impiety in 
displaciug the temple of Vesta by giving motion to the earth ; 
yet, according to Archimedes, Aristarchus held the same doc^ 
trine: it is, therefore, probable that either Plutaicli or Ar- 
chimedes has mistalten one of these persons for the other, hut the 
circumstances theyrelate may serve to shewthat the opinion of the 
mobility of the earth had gamed some ground among the learned 
in their times. The former adds that it had been demonstrated 
by a philosopher named Seleucus ; but the demonstration, 
whatever it may have been, is now lost. Censorinus ^ ascribes 
to Aristarchus the invention- of a cycle or, as it is called, a great 
year, consisting of 2484 common years ; and Bailly ^ endeavours 
to shew that this is a period in which two successive conjunc- 
^ tions of the sun and moon with a fixed star would appear to 
take place according to the values assigned, by the Chaldeans, 
to the revolutions of those celestial bodies, from which he would 
draw an additional argument m favour of his opinion of the 
antiquity of the Chaldean observations ; but, as we know notlimg 
of those values, and as Censorinus states that Aratus supposed 
the same cycle to consist of 5552 years, and Herodotus, of 
10,800 years, it must be evident that his hypothesis concerning 
the cycle of Aristarchus rests on no satisfactory foundation. 

Archimedes is said to have been born in the year 287 Before 
Christ and, like almost every other Greek who devoted himself 
to philosophical pursuits, to have completed his course of 
education in Egypt. Besides his investigations and discovenee 
in pure geometry and mechanics he appeal's to have paid con- 
siderable attention to astronomy , having, as Ptolemy inform^ 
us, employed himself in determinmg the length of the year by 
reducing and comparing such observations of the solstices as 
had been made previously to his own time. Pie is also said, by 
the poet Claudian, to have invented machinery for representing 
the motions of the sun, moon, and stars j but we have bad 
occasion to notice, in the dialogue TimsBus, what appears to 
have been an allusion to planetary machines , it is probable, 
therefore, that the Syracusan philosopher, in this respect, only 

De Die Natali, Lib, 1. cap 15. Amon, Mod. Tom. I 
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imjproved on the inventions of men who lived in more ancient times : 
yet the fame he acquired by this piece of mechanism must have 
l^een consideiablc ; for Ciccro, censuring those who ascribe the 
formation of the universe to chance or necessity, observes ; “ et 
Archimedem arhdrantur plus valutsse tn %mitand%s sphcerae 
convemomhm, quam naturam in efficiendis^ prcesertim cum 
multis parhbus sint ilia perfecta, qtiam Jkbc ^tmulata, so-- 
lertim ” "" In the preceding chapter he alludes to the construc- 
tion of a planetary machine by Posidonius; and, arguing in 
favour of the opinion that the univeise is the work of Divine 
Intelligence, he says Quod si in Scythiam, aut in J^ritanmam^ 
sph(Bram aliquis tuleiit hanc^ quam nuper faimliaris nosier 
efficit Posidonmsy cujus singulcs conversiones idem efficiunt in 
sole, et in luna, et in quinque stelhs erramtihus, quod efficitur 
in ccelo singulis diebus et noctibus quis in ilia barbaric 
Ambitet, quin ea sphmra sit perfecta ratione Fiom these 
circumstances, and from the frequent allusions, m the writings 
of the ancients, to the spheres of Atlas, Anaximander, Eudoxus 
and others, we can hardly doubt that such machines were fre- 
quently made, and it is probable that every philosopher of 
reputation found it necessary to have them for public exhibition 
or, at least, for the purpose of aiding the instiuctions he de- 
livered to his disciples. 

The Arenarius mentioned above is a cimous work, addressed 
by Archimedes to Gelo, the son of King Hiero, in which he 
attempts to piove that it is not impossible to find numbers 
capable of expressing how many grains of sand would be 
required to fill a space equal, in extent, to the universe, or to 
the sphere of the fixed stars , a remarkable instance of learned 
trifling, and only interesting to us as it gives some insight into 
the state of astronomy at that time In the course of his in- 
quiry he observes that Aiistarchus considered the magnitude of 
the sphere of the fixed stars to be so great that the circle 
described by the earth, meaning, perhaps, a sphere equal in 
diameter to the earth’s orbit, is to that sphere m the proportion 
that the centre of a sphere bears to its smrface ; or, as Archimedes 
interprets the passage, as the magnitude of the eartli is to a 
* De Natura Deomra, Li^b. XI. cap 35. 
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sphere whose diameter is equal to that of the oibit of the earth 
or sun. Possibly, however, Anstarchus meant to shew that the 
sphere of the fixed stars was of indefinite magnitude , but, by 
this interpretation, Archimedes makes it finite and, fiom thence, 
concludes that the particles of sand which would fill it are ca- 
pable of nuineiical expiession. 

In Older to find the spheiical capacity of the sun’s oibit, Ar- 
chimedes supposes the measure of its ciicumference to be 
between six hundred and eight hundred times the diameter of 
the sun ; he, also, assumes the diameter of the sun to be thirty 
times as gieat as that of the earth ; and this being known from 
the measurement of Eratosthenes, he has data sufficient for de- 
termining that capacity Wc know not in what manner he 
found the ratio of the linear diameters of the earth and sun, 
but the means he employed to measure the angular diameter of 
the latter deserve to be mentioned. He placed his eye at one 
extremity of a long alidade, or ruler, which he directed to the 
sun at the time of liis nsing or setting, when the light could be sup- 
ported without inconvenience, and moved upon the luler, between 
the eye and the sun, a small cylinder standing on its base, till it just 
coveicd the solar disc ; then drawing tangents to the opposite sides 
of the cylinder from the place of the eye, the angle contained be- 
tween these tangents gave the required diameter: he measured the 
circular arc subtending tins angle, probably by means of its chord, 
on the ciicumfcrence of a circle having an equal radius, and found 
it to be between ye -4 and of a quadrant , that is, between 32' 
50" and 27'; the mean of which is 29' 58", a quantity rather too 
small since we know that the mean angular diameter is equal to 
about thirty-two minutes, but it is impossible that such a 
method should afford a nearer approach to the truth. The most 
remarkable circumstance in this account is, that the angle at the 
eye should, by so great a mathematician, have been determined 
by a mechanical process instead of a trigonometrical operation, 
which would have been much more accurate and it affords 
another proof that the numerical solutions of plane tiiangles had 
not then been discovered. 

We find soon after this time that the parallaxes of the moon 
and sun entered into astronomical investigations as quantities 

' p 2 
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approximatively known ; and, since we have no account of the 
steps first taken in the research of these elements, it w;ill be 
proper to shew how from the data then possessed they might 
have been discovered. It must be observed, however, that the 
value obtained in the manner we purpose to describe would, 
from the inaccuracy of the data, necessarily differ widely from 
the truth ; and those employed by Hipparchus and Ptolemy, in 
fact, did so differ ; yet they were not without their use, and, in 
proportion as the instruments of observation were improved, the 
parallaxes, at least that of the moon, by whatever means de- 
termined, gradually became more correct. 

Let sv [Plate I. fig. 3] be an indefinite line joining the 
centres of the sun, earth and moon when in conjunction, or at 
the time of a central eclipse of the sun or moon ; assume e m or 
E m' of any length at pleasure to represent the distance of the 
' moon M or m' from the earth e , and, since Aristarchus found 
the distance of the sun from the eaith to be nineteen times the 
distance of the moon from thence, we may make e s equal to 
nineteen times e m ; then s may represent the centre of the sun : 
now, because the visible magnitudes of the sun and moon were 
supposed, by Archimedes, to be equal, each, to about thirty 
minutes, by drawing Ea, Eb to make an angle of 15' on each 
side of es, we shall have ab for the linear diameter of the sun, 
and c d for that of the moon : again, in central lunar eclipses, 
the semi-diameter of the earth’s shadow in the region of the 
moon was found by Aristarchus to be equal to the diameter of 
the moon ; therefore, if we make m' f and m' g respectively equal 
to c d, the lines a f, b g will determine the cone of shadow cast 
by the earth ; consequently h k is known, and the angle at V. 
Lastly, by drawing M'k and sk, the angles EM'k and Esk, 
which axe, respectively, the parallaxes of the moon and sun, are 
foimd All the linear dimensions here supposed to be computed 
will be expressed in terms of em, but the diameter hk of the 
earth bemg supposed to be known, it is evident that, by propor- 
tion, the values of those dimensions may bo found m stadia or 
any other measures of length. 

We have no account, in any writings which have been trans- 
mitted to us by the ancients, of the observations made before the 
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time of Hipparchus on the movements of the planets ; and it is 
probable enough that such' observations, from which the most 
useful information concerning the system of the universe might 
have been drawn, were too much neglected by the Greeks, who 
seem to have had but little taste for the method of philosophising 
by interrogating nature : but that the situations and movements 
of the planets had been in some measure attended to, perhaps as 
early as the time of Eudoxus, may be concluded from the hint 
given in the Timaeus about the complexity of the theories of 
Mars, Jupiter and Saturn ; and that many particulars relating to 
the planetary orbits had been then, or soon afterwards, dis- 
covered by observation may be conceived from the circumstance 
that the hypotheses proposed by Apollonius of Perga are 
founded upon data which must have been previously obtained 
in that manner. ^ 

This philosopher is supposed to have lived about 242 years 
before Christ, and Ptolemy relates of him that, pursuing the 
ideas of Plato concerning the supposed perfection of circular 
and unifoim motions and, wishing to reconcile with these ideas 
the apparent irregularities observed in the movements of the 
planets, he invented two different systems, in one of which the 
planets were supposed to revolve on the circumferences of circles 
whose centres do not coincide with that of the earth , and in the 
other, denominated the system of epicycles, each planet was 
supposed to move on the ciicumfcrence of one circle while the 
centre of this circle is carried round the circumference of another 
which is concentric with the earth , the latter being supposed 
stationary in the centre of the imiverse. The invention of these 
systems constitutes the first deviation from the principles which 
were, among the ancients, considered as fundamental laws of 
nature : hitherto all the circles or spheres employed to produce 
the phenomena of planetary motion were homocentric , now we 
find this hypothesis abandoned, but how many ages were yet 
to elapse before the prejudice in favour of circular and uniform 
motions could be vanquished^ Apollonius and his disciples 
still tenaciously adhered to these ancient opimons and, rather 
than quit them, suffered themselves to be involved in an in- 
tricate combination of movements which very imperfectly 
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represented the observed phenomena, while the simpler and more 
correct hypothesis lay almost within their view. It is uncertain 
whether, onginally, the epicycles and their deferents, or the 
circles on whose circumferences they were supposed to move, 
were considered as objects of the imagination, or as existing in 
material spheres ; the language of the ancients seems to favour 
the last opinion, hut it is not likely to have ever been senously 
enteitained by their men of learning. The foimation and de- 
vclo]iment of the systems of Apollonius must have required a 
knowledge of the times when the planets were m their apsides, 
and of the situations of those points in the heavens ; the times 
when tlie planets were stationary, and the extents of the arcs 
both of the diiect and letiograde movements • these must have 
been obtained fiom observation in older to compute the radius 
of the eccentric orbit and the position of its centre, or the pro- 
portion between the radii of the homocentric circle and the 
epicycle , and it is impossible to doubt that the deductions of 
theory were compared with the phenomena actually observed 
in order to satisfy the mind concerning the justness of the 
systems ; it must, therefoie, be admitted that such observations 
as are here supiiosed must have been made in, and before the 
time of Apollonius. 

To explain, from the account given by Ptolemy % the ob- 
served inequalities and the changes in duechon of the move- 
ments of the planets, according to the hypothesis of a simply 
eccentric orbit, let E (Plate I. fig 2) be the eaith or centre of 
the universe, a B p n the circular orbit of a planet, and c its 
centre ; draw the line a p through c and e, then E c will be the 
eccciitncity of the orbit, a and p the points of apogeum and 
perigoum respectively. Now the planet and the circumference 
of the eccentnc orbit are supposed to have umform and in- 
dependent movements in contraiy directions about e and c 
respectively ; the former from a towards p, which is direct, or 
according to the older of the zodiacal signs, and the latter, fiom 
A towards b' or in retrograde order ; it is therefore evident that 
when the two movements are equal, as seen from e, the planet 
wjH appear stationary, and when the apparent velocity of the 
* Almagest, Lib. XIL 
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eccontric is less or greater tlian that of the planet, the movement 
of the latter will appear direct or retrograde respectively. Now, 
to jSnd the eccentricity of the orbit ; let d and n' be the points 
in which the planet appears stationary ; imagine also the lines 
BED and b' e d' to be drawn and let fall c f', c E perpendicularly 
upon them ; then if F d' be multiphed by v, the angular velocity 
of a point in the eccentric about c, which may be considered as 
the velocity about F ; the product will express the hnear space 
imagined to be described by d', in a very short time, perpen- 
diculaily to fd'. again, if ed' be multiplied by v, the angular 
velocity of tlic planet at d', about E; the product will also 
express the linear space described by the planet in a very short 
and equal time, perpendicularly to fd'; but these spaces are 
described in opposite directions by hypothesis , and, when the 
planet is stationary, they are equal to one another, or f d'.v — 

E d'. V , it will, thci efore follow that, at the point d', the lines 
fd' and e d' aie to one another as the velocity of the planet in 
the eccentiic is to the velocity of the eccentric ; it is also evident 
that the movement of die planet will appear to be retrograde 
whde it is describing the arc D d', and direct in every other part 
of the orbit ; and that, at p, the retrograde velocity is the greatest 
while the direct velocity is the greatest at A. The velocities of 
the planet and of the eccentric being assumed, we have the 
ratio of F d' to e d' ; consequently that of F d' to E f ; and sup- 
posmg FD to be equal to ca, the radius of the eccentric, the 
value of E F will be known in terms of c a; therefore, if the two 
places of die planet in the heavens be observed, when it appears 
stationary, the arc d d' between them will bo known, and con- 
sequendy its half, which, from the construction of the figure, is 
evidendy equal to the angle d e p or c E F : then in the right 
angled triangle c b f, there will be data sufficient to find the 
eccentricity CE. Conversely, if this were known by other 
means, it is evident that the ratio between the velocities of the 
planet and eccentric might be found. 

This theory of a simple eccentric orbit does not appear to 
have been long in use ; for, except a short notice of it which is 
found in the works of Hipparchus, no circumstances connected 
with it have been preserved : the theory of epicycles, which 
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fiom a passage in Plato’s wo\kDe RepuUwa (where mention is 
made of small ciicles applied to other circles) is supposed by 
Theon to have been first imagined by that philosopher, has, on 
the contrary, been considerably developed, because it could be 
more easily modified to suit the variations, at subsequent times 
discovered, in the movements of the planets. In fact, while a 
simple inequahty of motion was observed, either of the hypo- 
theses might be indifierently employed to represent it, as is ob- 
served by Ptolemy, who demonstrates “ that the apparent move- 
ments will be the same, in both systems, if the radius of the 
epicycle, in the one, be made equal to the eccentricity in the 
other , but he adds that, when a planet has two different in- 
equalities, ooth hypotheses must be combined in order to explain 
them j and this combination enters into his onhi system. 

To exhibit an outline of the theoiy of epicycles, let E (Plate 
1. fig. 5 ) be the earth, or centre of the homocentnc deferent 
circle xc Y, and c the centre of the epicycle ab n ; also, let it 
be supposed that the movement of the planet on the epicycle 
is retrograde , that is, according to the order of the letters ab'd', 
and that the centre of the epicycle moves in direct order, or 
firom c towards x ; then, the velocity of the planet m the epi- 
cycle being less than that of epicycle itself, about E, its motion 
wiU be slowest at a, or m apogeo, and swiftest at p, oxm perigeo, 
but, as seen firom the earth, the motion, hlce that of the moon, 
will be always direct. Again, if the planet move on its epicycle 
in direct order, or firom A to B, and the radii of the epicycle 
and the deferent be supposed to be such that the ratio of c p to 
E p IS greater than the ratio of the velocity of the epicycle to that 
of the planet m the epicycle , then, as Apollonius shews”, two 
hnes B E, b'e may be so drawn that if the perpendiculars c o, 
c Q' be let fall on them firom c, the segments Q n and n e, q'd' 
and d'e may be to each other respectively in the same propor- 
tion that the two velocities above mentioned bear to each other : 
and it win be found that, in the points n and d', the planet 
would appear stationary when seen firom the earth; for the 
an^ai velocity of the planet about c being multiphed by q d 
will express tibe linear space which the planet would describe, m 
liib. III. Cap. 3. '■ Ptolemy, Almagest, Lib. XII. 
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a small portion of time, perpendicularly to Q n or q E, and tke 
angular velocity, about e, of the centre of the epicycle, or of 
any point n m that circle, being multiplied by e d, will give 
the linear space which n would describe in an equal portion of 
time, also perpendicularly to q e ; and these movements being 
equal and in contrary directions when the planet is stationary, 
it follows that the above proportion holds good when the planet 
is in n and, for the same reason, also when in d' : and, because 
wo have supposed the velocity of the planet to be less than that 
of the epicycle, its movement will appear retrograde between d 
and D', and direct in every other part of the circumference of 
the epicycle. In the hypothesis just described it is evident that 
the true and apparent places of the revolving body will coin- 
cide when the latter is in the two points a and p of its epicycle, 
which are in a line joining the centres of the epicycle and ho- 
mocentric ; and that when the planet is at h and h', where lines 
drawn from the earth, at e, are tangents to the epicycle, its ap- 
parent velocity is equal to its mean velocity, since it seems then 
to move only with the velocity of c, the centre of the epicycle. 

In developing the system of epicycles, it appears that, for 
the inferior planets, Apollonius supposed the centre of the epi- 
cycle to coincide always with the mean place of the sun ; con- 
sequently, that the time of a revolution of this centre about the 
earth was equal to the length of the solar year , also, that the 
pciiod of a revolution of the^planet in its epicycle or, as it was 
then called, an anomalistic revolution of the planet, was equal to 
the interval between two inferior, or two superior conjunctions 
with the sun, and the situation of thehne of the apsides, or line of 
inferior and superior conjunction, for the mferior planets, was sup- 
])osed to pass through the earth and the mean place of the sun at 
the middle of the mterval of time between two equal elongations 
of the planet eastward and westward from that luminary. It is 
pinbablo that, at first, the situation of this line was determined by 
the true place of the sun but the results of calculation being, on 
this hypothesis, found to disagree with the observed phenomena 
the other hypothesis may have been, subsequently, adopted in 
order to produce a nearer approach to conformity between the 
theory and the observations. With respect to the superior 
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planets, the centre of the epicycle of each was made to njiove on 
the circumference of the deferent with the mean geocentric ve- 
locity of the planet, and the velocity of the latter on its epicycle 
was supposed to he equal to the difference between the mean 
motion of the planet and that of the sun. It does not appear 
that Apollonius conceived the existence of more than one epicycle 
for each planet ; and it is probable that the compound epicycles 
were introduced to explain the additional variations discovered 
in the movements of the planets subsequently to the time of the 
astronomer of Perga. It is, also, uncertain whether the pro- 
portions between the radii of the epicycles and the deferents, 
for all the planets, were investigated by Apollonius, though this 
is extremely probable ; but these, and several other elements 
which, according to the system in question, enter into the con- 
stitution of the orbits, were deteiinined by Hipparchus and, 
with his own subsequent investigations, axe consigned in the 
writings of Ptolemy. 
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CHAPTER XI. 

THE DISCOVERIES OF HIPPARCHUS. 

Tiigonometiy introduced by Hipparchus — His catalogue of stars — PIis in- 
struments and manner of observing — The discovery of the precession of 
the stars m longitude — Manner of regulating the length of the day. — The 
length of the year found by observations — Correction of the calendar pro- 
posed by Hipparchus — Investigation of the solar orbit.— Lunar periods de- 
tei mined by Hipparchus. — Acceleiation of the moon’s mean motion. — The^ 
nature of the lunar orbit. — Data for the elements of the oibit obtained from 
anaent eclipses —Investigation of the lunai orbit on the hypothesis of an 
epicycle —Manner of finding the moon’s angular diameter.— The parallaxes 
of the sun and moon — Nature of the planetary orbits. — Investigation of the 
periodical times and movepaents of the planets. — Enumeration of the works 
of Hipparchus. 

By tlic writings of Hipparchus the science of Astionomy was 
destined to receive so many valuable improvements that it may 
be almost said to have taken, from them, a neiy form. Before 
the time of this philosopher it consistedhf a few general theorems 
of little value, because there weie wanting the means of obtain- 
ing, by a numeral calculus, the measures of the times and spaces 
which arc the subjects of investigation ; and to him we are in- 
debted, very probably, for the invention and, certainly, for the 
first application of trigonometry m these researches, by which 
the facility of fixing with precision the places of the celestial 
bodies and of exhibiting the variations of their movements was, 
in an important degree, augmented. 

Hipparchus first distinguished himself by the commentary on 
the poem of Aratus before mentioned, and in this is contained 
the earhest hint we meet with concerning the employment of 
geometry in questions relating to practical astronomy ; the in- 
stance occurs in a problem which is of considerable intncacy, 
and \\hich must have been of essential utility in the ancient sci- 
ence. He supposes a certain star to he situated m the horizon, 
its right ascension and declination and, also, the latitude of tlie 
place of observation, to be known ; he then gives, as the results 
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of calculation, the diurnal arc described by the star, the longi- 
tude, right ascension and dechnation of the point of the ecliptic 
which is in the horizon with the star ; the right ascension of the 
naidheaven and the culminating point of the ecliptic at the time 
when the said star is in the horizon. Now these elements might 
have been determined by inspecting a common aitificial globe; 
by geometrically constructing the circles of the sphere on a 
plane, or by trigonometrical computation; but the words of 
Hipparchus plainly shew that one of the last two methods was 
employed, for he states tliat he had demonstrated the solution of 
the problem by a figure^ in his treatise on the simultaneous 
rismgs and settings of stars : unfoitunately this woik is lost, as 
well as the twelve books which he had written concerning the 
calculation of a table of chord lines inscribed in a circle ; a table 
which must have been intended, like that of the sines of arcs in 
modem tngonometry, to facilitate the computation of the un- 
known parts in plane or spherical triangles. 

A knowledge of the iDositions of the fixed stars is the basis 
upon which the whole of astronomy rests; and one of the greatest 
benefits which Hipparchus conferred upon the science consists 
in the formation, fi'om his own observations, of a catalogue said 
to have contained the places of above one thousand of the prin- 
cipal stars. It is uncertain what was the kmd of instrument 
enuployed in making these observations ; for if, as is supposed, 
the catalogue given by Ptolemy was formed firom that of Hip- 
parchus, it would seem that the situations of the stars were ex- 
pressed by their longitudes and latitudes ; and these might have 
been obtained, either by direct obseivation or by getting the right 
ascensions and declinations in that manner, and determimng 
from those elements the positions of die stars, with lespect to the 
ecliptic, by calculation. But as Hipparchus distinguishes the 
places of stars, in his commentary on Aratus, by their right as- 
censions and decimations, it is probable that he pursued the lat- 
ter method in forming his catalogue , and, in this case, the in- 
strument employed must have been a species of equatorial, in 
which one of the circles was adjusted to coincide with the plane 
of the equator ; there might be another circle perpendicular to 
this and capable of turning on the polar axis ; and, in the plane 
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of this last, might be an alidade turning upon the centre of the ^ 
armillse and carrying the sights by which the star was to be ob- 
served. In naming the nght ascension of a Diaconis, he says 
the star, on its parallel, was in three degrees of Leo, meaning, as 
Delambre observes, that its light ascension was equal to about 
4* 8 or 123 degrees , and the last-mentioned astronomer thinks 
it probable, from the above expression, that the right ascension 
was measured with such an instrument, on the star’s parallel of 
decimation ^ ; but this does not necessarily follow, and it is more 
likely that the light ascension was measured on the equator of 
the instrument between its equinoctial point and the horary circle 
passing through the star at the time of observation : be that as 
it may, it is certain that Hipparchus supposed the equator as 
weU as the ecliptic to be divided into signs, or spaces of 80 de- 
grees each ; and if we compute from the present tables, making 
the necessary allowance for the movement of the equinoctial 
points since the time of Hipparchus, it will appear that the nght 
ascension of a Draconis was then equal to 121° 42' ; the error, 
consequently, is about 78 minutes, which will not appear sur- 
prising when we consider the probable imperfection of the in- 
strument and the manner of making the observation. 

Ptolemy quotes an observation of the moon made by Hippar- 
chus at Rhodes, in the year 197 from the death of Alexander, 
with an astrolabe which was capable of being adjusted to co- 
incide with the plane of the ecliptic m the heavens, and by which 
consequently, the longitudes and latitudes of celestial bodies and 
the places of the nodes of the moon or any planet, might be di- 
lectly obtained : but the difficulty of verifying the position of the 
instrument must have rendered the use of it inconvenient, and 
the observations made with-it liable to many inaecnracies ; it Is 
probable, therefore, that it was not so generally employed as the 
equatorial astrolabe before mentioned, for the adjustment of 
which it was only necessary to find a horizontal plane, to trace 
on it a meridian line and to give to the plane of the principal 
circle an inclination to the former plane invariably equal to the 
complement of the latitude of the place of observation 

From the ancient accounts of the situations of fixed stars and 
* Histoire de I’Astrouoime, tom. I. 
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planets, with respect to the equinox, we find that it was the 
practice to obtain the distances of these from the sun in longi- 
tude or right ascension by the intervention of the moon. On 
account of the impossibility of seeing the sun and star at the 
same time by the naked eye, the distance of the latter from the 
moon, when both were above the horizon, was observed by some 
instrument ; then, by means of the known synodical movement 
of the moon, her distance from the sun was found and, conse- 
quently, that of the star from the sun ; but the place of the sun 
with respect to the equinoctial points being also known, that of 
the star fi'om the same points was determined We have here 
supposed the moon’s distance from the star to be measured, but 
it IS evident that a conjunction which coiild-^ be observed by the 
tmassisted eye, or an appulse in which the distance could be 
estimated, may have been occasionally employed and, in fact, 
such was the more ancient manner of ascertaining the places of 
the stars. But in whatever way the distance of a star from the 
moon was found, it is obvious that its longitude or right ascen- 
sion must have been affected by the errors then existing in tlie 
values of the lunar movements , and this evil could not be re- 
moved till the invention of telescopes, which permitting some 
of the piincipal stars to be seen in the day-time, it became pos- 
sible to dispense with the moon and to determine the difference 
in the right ascensions of the sun and star by direct observation. 
It may be observed in this place that Hipparchus, probably, was 
not, at.the time of writing the commentary, acquainted with the 
movement of the equinoctial points in the heavens ; for he seems 
to suppose that the places of the stars, in the time of Eudoxus, 
were the same as those he assigns to them from his own observa- 
tions, which were made above two hundred years later ; and it is 
from this circumstance that the commentary on Aratus has been 
supposed to be one of his earliest works A remark made by 
Ptolemy ^ proves that Hipparchus, after determining the places 
of the stars, had made a representation of the heavens on the 
surface of an artificial globe, which appears to have been depo- 
sited at Alexandria. 

The principal circumstance from which an argument can be 
* Almagest. Lib. VJI. Cap. 1. 
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drawn in favour of the opinion, that this celebrated philosopher 
subsequently became acquainted with the fact of the precession 
of the stars, or rather the retrogiadation of the equinoctial pomts, 
is the comparison he made of the place of the star Sptca V%rgi- 
nis, dotennined by himself, with that assigned to it by Anstyllus ' 
and Timocharis about 170 years previously. He states that, in 
his time, this star was distant 6 degiees from the autumnal equi- 
nox, or that its longitude was 174 degrees ; a fact which Ptolemy 
supposes he had ascertained by an eclipse of the moon observed 
m the thiity-second year of the third Cahppic period, when the 
Stax was in its vicinity , but the astronomers above mentioned 
had found, probably in a similar manner, diat the same stary^as 
8 degrees from the equinox : now, if Hipparchus felt any con- 
fidence in his own observations and in those of Timocharis, he 
could not avoid considering this difference as caused either by 
a movement of the star in longitude, during the interval, or by 
a contrary movement of the equinoctial point in the heavens ; 
and, by proportion, he must have found that the one or the other 
was equal to 42 seconds yearly : it is nght, however, to obseivo 
that, according to Ptolemy Hipparchus received from the an- 
cients scarcely any other observations on the fixed stars than 
those which had been made by the two astronomeis above men- 
tioned; and, even of these, he adds, tho accounts were obscurely 
delivered: whence it may be infened that little dependence 
could have been placed on tho value of an element determined 
by such data. The other argument from which it may be con- 
cluded tliat Hipparchus was acquainted with the retiogradation 
of the equinoctial points, is drawn from the fact that Ptolemy 
quotes a wort under that title which, he says, was asenbed to 
him; and, though this circumstance does not, exactly, prove 
that die former astronomer had vuitten the woik, it scorns not 
likely that any person should have attributed to another the com- 
position of a scientific treatise, the honour of which belonged to 
himself; or tliat, witliin the two hundred and fifty years wMch 
elapsed between the times of Hipparchus and Ptolemy, the real 
discoverer of this important element should have been forgotten. 
Ptolemy asserts, on the authority of the same work, that Hip- 

XJbi 
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parclius, when he first discorered the precession, thought it took 
place only in the zodiacal stars, as if the zone containing them 
had a motion in longitude independent of the movement of the 
other stars j but, considermg, afterwards, that all the stars pre- 
serve their relative positions unchanged, he concluded it to be 
general : and it is added, that he endeavoured to account for it 
by supposing that, besides the diurnal revolution, the system of 
spheres appertaining to the fixed stars was affected by a motion 
about the pole of the ecliptic, in direct order. 

The value of the precession, supposed to have been obtained as 
above stated, must not be considered as near the truth ; but a 
more correct value has since been found by comparing the place 
of a certain star, in the days of Hipparchus, with that assigned 
to it in later times. Now Hippaichus, speaking of the star w 
in Canis Major, says it was in that part of the solstitial colure 
which contained the summer solstice, meaning that its longitude 
and right-ascension were then considered equal to 3 signs, or 
90 degrees, and, in the year 1750, the longitude of the same 
star was 3* 26° 4' 10'' : hence, supposing the observation of 
Hipparchus to have been made about 130 years before Chnst; 
that IS, 1880 years previously to the othei, the precession in lon- 
gitude would be 49".92, or neaily 50'" annually ; and almost the 
same result has been obtained by Delambre, on comparing the 
longitudes of several stars in the catalogue of Hipparchus with 
those of the same stars determined by modem observations. It 
is remarkable that Ptolemy, who must have used a like process, 
comparmg the places assigned by Hipparchus with those found 
by himself, makes the annual precession equal to 36" only, which 
seems to prove that the observations of Ptolemy were less accu- 
rate than those of the more ancient astronomer. 

The method of designating the places of stars by their longi- 
tudes and latitudes might, as Delambre observes have been 
adopted by Hipparchus subsequently to the discovery of the pre- 
cession, on account of the facility it affords in correcting those 
places , since, the latitudes being but little affected by this mo- 
tion, the variations are only equal to the precession in longitude 
in the interval between two given times. The same astronomer 
^ Astronoraie Ancieune, tom. II. 
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also supposes that Hipparchus introduced the practice of reck- 
oning the longitudes and right ascensions from the intersection 
of the ecliptic and equator in the heavens, for the sake of its 
convenience in trigonometiical calculations ; that intersection, 
he observes, being a common angular point for all the triangles 
by which the reductions are made from tlie plane of one of these 
circles to that of the other. 

The length of the solar day, or the interval between two suc- 
cessive amvals of the sun at the meiidian of any place, was by 
Hipparchus, from his obseivations of the daily movements of the 
sun, foimd to be variable in different seasons ; and in order to 
reduce this to its mean value he is said to have applied a correc- 
tion similar to that which has since been called tlie equation of 
time. Now, if the day be made to commence with the airival of the 
suii at the meridian, it would be easy to shew that this equation 
must depend on the inequalities in the sun’s motion and on the 
obliquity of his path in the heavens to the axis of tlie diurnal 
revolution, which terms being quite independent of the situation 
of the place of observation, the daily values of the equation, when 
found and arranged in a table, might bo applied immediately to 
the transformation of apparent into mean time, or the converse, 
in any climate of the eaith ; but, while the day was supposed to 
commence with the lising of the sun, there must have been an- 
other cause of inequality in the lengths of days, depending upon 
the vaiiable inclination of the sun’s path to the horizon, conse- 
quenfry depending upon the latitude of the place of observation; 
and the equation of time, for the same day, must have been dif- 
ferent m places not having the same latitude , the simplification 
of this element was, in all probability, the reason why Hippar- 
chus changed the regidation of the length of the day fi:om the 
interval between two successive risings of the sun to .that be- 
tween two successive arrivals of the sun on the plane of the me- 
ridian; it must be remarked, however, that this philosopher 
made the day commence at midnight, whereas astronomers now, 
universally, begin the day at noon, but the other method is still 
followed in our reckoning of time for civil purposes. The max- 
imum value of the equation of time is said to have been, by Hip- 
parchus, determined to be equal to 33' 20’' , a quantity greater 
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than the trae value, which is hnown to be equal to about 23 
minutes only. It is also worthy of observation, that in or before 
the time of Hipparchus the hour of the night at which any phe- 
nomenon occurred vs'as determined, as we are informed by Ptolemy , 
by observing what star was on the meridian at the time ; for the 
right ascension of the sun being known, the difference between 
this and the nght ascension of the star is the time required. The 
star V in Cams Major seems to have occasionally served, by its ar- 
rival at the mendian, to indicate the zero for reckoning the hours ; 
its right ascension, which was then exactly 90 degrees, rendering 
it convenient for the purpose ; and, when any other star was ob- 
served on the meridian, the difference m time, between the right- 
ascensions of such star and of that above mentioned, expressed 
the hour of the night. 

The investigation of the laws by which the movements of 
the sun, moon and planets are regulated is an essential part 
of the labours of an astronomy; and as soon as the places of the 
principal fixed stars had been determined with precision, it 
seems that Hipparchus applied himself to this diflucult task, in 
the prosecution of which he has displayed the resources of a 
highly expanded mind; and, by the importance of the results 
he obtained, he has acquired for himself the reputation of being 
. the most successful cultivator of the science among the ancients. 
The length of the tropical year is the first step in the solar 
theory which it is necessary to obtam with exactness, not only 
on account of its utility in the regulation of the calendar, but, 
also, because upon it depend the elements of the apparent orbit 
of the sun. TiU the time of Hipparchus this had been con- 
cluded from comparisons of the observations transmitted by the 
Chaldeans and Egyptians, with those of later dates ; but this 
^stinguished astronomer, who is twice designated by Ptolemy 
a man of great industry and a lover of truth*, knowing the 
uncertainty of the more ancient observations, endeavoured to 
avail himself of such as had been made nearer his own time, 
which might, consequently, be supposed more accxirate. Now 
the data to be employed for determimng the lengtH of the year 
nmy consist of the observed days, either of the solstices or of 
^ Almagest, Lib. III. and IX. 
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the equinoxes, and there existed in that age an observation 
of a solstice which had been made by Aristarchus or Archi- 
medes at the end of the fiftieth year of .the fiist Calippic penod, 
or in the year 281 Before Christ; this, Hipparchus compared 
with one made by himself at the end of the forty-third year of 
the third Calippic period; that is 145 years later, and it ap- 
peared that the latter solstice happened twelve hours, or half a 
day, later than the time determined by calculation on the sup- 
position that the year consisted of 365j days, but-f^V = ■00345, 
or nearly therefore that supposition appeared to be in ex- 
cess about of a day, and Hipparchus concluded that the 
number of days in the ti-opical year was equal to 365-l-|— 
or to 365-24655, a value which is greater than the truth by 
6' 13" only, since, according to La Place*, the length of the 
tropical year at that time must have been equal to 365 242215 
days, or about 4"'2 shorter than in the present age. 

But the Giceh astronomer conscious of the unceilainty at- 
tending the observations of the solstices, from the smallness of 
the vanaUons in the lengths of the shadows cast by the gnomon, 
an uncertainty winch he admits might amount to a quarter of a 
day in the time of the arrival of the sun at the tropic, seems to 
have made an effort to employ the method of the equinoxes, by 
observations made witli the equatorial armillae, which would be 
susceptible of more precision, but of this kind of observation 
there seems to have been none made previously to his time, 
and he was reduced to the necessity of cmjdoying such as were 
made by himself at an interval of only thirty-three years: the 
length of the year determined by these observations was nearly 
the same as that found from the solstices, as before-mentioned, 
but the last interval of time being too small, tlie coincidence of 
the results could hardly be considered as a proof that either was 
eorrect. On the faith of these determinations, which were the 
most accurate then obtained, Hqiparchus suggested an improve- 
ment in the calendar, in order to keep the seasons to the same 
days of the year : it had before been the practice to intercalate 
one day at the end of every fourth year, which was done on the 
supposition that the length of the year was 365j days, and he 
• Bsposition du SyatSme du Monde. 

Q 2 
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ptcpoRod to leave out one of the intercalated days at the end of 
<nTTy tlirco hundred years which, it was expected, would leave 
a very trifling error m the times of the returns of the seasons. 
It is, however, uncertain whether the recommendation of Hip- 
parchus was attended to by persons in power; and, even if it 
were so, it could only have been adopted in the calendar of the 
h^gyptians, since there is no account of it in the writings of any 
tdher people. But it is probable that in Egypt, as well as in 
h^urope, the correction was consideicd only as the speculation 
of a private philosopher, for if we suppose it to have succeeded 
iu gaining the confidence of the public, we shall find it difficnlt 
to !)clieve that, at the time of the reformation of the Roman ca- 
Icaidar by Julius Caosar, the mathematicians consulted on the 
ocunision would not have used their influence to piocure the 
introduction of an intercalation which, besides being little more 
complex than that actually adopted, would have possessed the 
advantage of very superior accuracy. 

Urn Homans, never disposed to pay attention to subjects of 
a Bcieniific nature, contented themselves with the lunar year 
iimtilulcd by Nmna, till its inconvenience as a moans of fixing 
tinu'.s of historical events became so sensible as to induce 
at kmgth, to change it for that which is regulated by the 
motion of the sun : for this purpose Sosigenes of Alexandria 
proposed to add 10 days to the 355 constituting the lunar year, 
increasing the former lengths of some of the months by one day 
i^ach, constantly, but the month of February, by one day in every 
fourth year oidy; the fourth year, thus containing 366 days, was 
called bissextile, and the added day was intended to correct the 
error arising from the supposed excess of the length of each 
year above 365 days. This regulation of the calendar was 
from that time followed within the limits of the Roman empire ; 
and, after sixteen centuries, the inaccuracy in the value of the 
excess assumed by the mathematicians of Caesar was, also by a 
Homan Pontiff, corrected' in a new reformation of the calendar, 
which is now adopted by all civilized nations. 

From a difference in the places of Spica Virginis which, ac- 
cording to Ptolemy, Hippaichus had determined by two eclipses 
of the moon observed in the thirty-second and forty-third years 
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of the third Calippic period, the last mentioned astronomer seems 
to have entertained a suspicion that theie was an inequality in 
the length of the solar year; and it is probable that, in order to 
ascertain this point, he made those comparisons of the times of 
the equinoxes and solstices which have been mentioned above. 
By the first of those eclipses, as Ptolemy informs us, the longi- 
tude of the star, deteimined by its distance, at that time, from 
the moon, was 5^ 23° 30'; and by the other, 5® 24° 45': the dif- 
ference', which is 1° 15', is too gieat to be accounted for by the 
precession m the interval between the observations, and at a 
time when the length of the year was xmsettled, it is not won- 
derful that the cause should be ascribed to a vaiiation in the 
periodical time of the sun’s revolution : this variation is assumed 
by Hipparchus, v^o, in speaking of the observations by which 
the length of the year was determined, expresses an opinion^ 
that neither he nor Archimedes could have erred so much as a 
quarter of a day in the computed times of the solstices ; but, 
since this element is well known to be very nearly constant, 
we cannot avoid concluding with Delambre that the above dif- 
ference must have been owing to errors in the observed distance 
of the moon from the star, or, perhaps, to an imperfect know- 
ledge of the effect of parallax in changing her longitude* 

Hipparchus is said by Ptolemy to have found from observa- 
tion, that the interval between the vernal equinox and the sum- 
mer solstice was equal to 94|- days, and that from the latter to the 
autumnal equinox there wore only 92 ^ days, hence it must have 
followed, that the length of the summer half year was 187 days, and 
that of the winter half year, 178 days. It is easy to conceive that 
tins unequal division of tho year, which could not hare been 
unknown before the time of Hipparchus, may have led, origi- 
nally, to the idea of representing <^he sun’s orbit by a ciicle, 
whoso centre is not coincident with tliat of the eartli ; and there 
can bo little doubt that Apollonius had investigated the ele- 
ments of the orbit on this hypothesis, though no account of his 
researches have been fransmittod to us: that Hipparchus did 
so wo have tlie authority of Ptolemy for saying, but we are 
ignorant of tho processes he adopted ; yjt, as the last mentioned 
astronomer informs us that his own investigations terminated in 

® Almagest, M). III. Cap. 2. 
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the same results, and as he does not claim for himself the merit 
of having invented a new method of proceeding in the enquiry; 
we may without hesitation consider that the reasonings of Hip- 
parchus were similar to those which he, himself, has exhibited 
in the Almagest, and of which the following is an outline. 

Let the circle Ann' (Plate I. fig. 4) be the sun’s orbit, of 
which 0 IS the centre, and let e be the place of the earth ; then 
c E wall be the eccentricity, and a p the line of the apsides : 
through E draw b b', and n n' at nght angles to each other , then 
B and B' will be the places of the sun at the summer and wmter 
solstices, n and n' Ins places at the vernal and^^ autumnal equi- 
noxes respectively. Since, as above stated, the interval between 
the vernal equinox and summer solstice is equal to 941- days, 
and between the latter and the autumnal equinox is 92 J days, 
and that the periodical revolution of the sun is accomplished in 
3654 days , we have, by proportion, the arc n B, or the angle 
n c B, equal to 93® 9', and the arc b n', or the angle b o d', equal 
to 91® IP; therefore the arc dbd'=184® 20', and half the ex- 
cess of this am above 180 degrees, that is 2® 10', is evidently 
equal to n d, or to the angle n c d ; consequently c a, which is 
equal to the sine of this angle or, according to the expiession of 
Ptolemy, to half the choid of twice the angle, may be obtained 
from a table of natural sines or chords, the radius c a being sup- 
posed equal to unity. Again, the difference between the arcs 
DB and nd gives the arc dn, from which taking the quadrant 
db, wc have 0® 59' for the value of b b, whose sine is equal to 
a p, which therefore may be found from a table of sines ; then, 
by the well-known formula of right angled tiiangles, c e the ec- 
centricity, is equal to s/ (ca^-f-Ba*), which, when OAis unity, 

is equal to 0.0415; that is ce=:!^ nearly; this clement is 

now known, on a diffeient hypothesis, to bo equal to 0.0168, 
when c A, or the mean^ distance of the sun from the earth, is 
equal to unity. 

Draw M M' through e, perpcudiculaily to a p ; then Z c m e 
is evidently equal to the greatest difference between tlie place of 
the sun in the heavens, if it could be seen from c, and its appa- 
rent place as seen from 'e , that is, the angle c m e is what is now 
called the greatest equation of the centre, or what the Greeks 
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called the maximum prostapher^is, or anomaly : now c e is evi- 
dently the sme of that angle, c a being the radius, and the above 
value, which was assigned to it by Hipparchus, corresponds to an 
angle of 2° 23'; which, however, much exceeds the truth, for it is 
now made equal to about 1® 55'. In the right angled triangle c a E 
the rules of trigonometry give the value of Z. o E a, which will be 
found equal to 66 ^ 35' 5 ' ; but n bemg the position of the ver- 
nal equinox, the angle c E a or its equal a e n expresses the lon- 
gitude of the apogeum, which is therefore found : also the an- 
gle c M E being known, as above, and c E M being a right angle, 
we have the angle mce, and its supplemental angle mca, 
which IS equal to 92^ 22' 46" ; and the angle n c d together with . 
AC d, or its equal, A e d, being known, their sum gives the angle 
DC a: hence the periodical time of the revolution of the sun in 
its orbit being known, and the motion about c being, by hypo- 
thesis, uniform, Hipparchus could find, by proportion, the time 
in which the sun would move firom d to A and from a to M ; and 
the time when the sun is at d, that is m the equinox, bemg 
given by observation, he coidd obtain the time when the sun was 
in apogeo, and that in which the equation of the centre was a 
maximum. On the hypothesis here stated Hipparchus com- 
puted tables of the solar movements, which Ptolemy has made 
use of, but their errors must have been considerable on account, 
both of the erroneous determination of the prostapheresis and of 
the supposition that tlic motion of the sun about c is unifoim, 
which is not the case. 

After cstabhshing a theory of the sufi, Hipparchus applied 
himself to the investigation of the movements of the moon ; a 
work of greater diflSiculty, in the performance of which we find 
that he availed himself of the ancient registers of eclipses and, 
no doubt, of many direct observations of the moon’s places, 
which may have been made previously to his time, and which 
must have afforded several useful approximations to the periods 
of her movements. Ptolemy, who has given the same account 
as Geminus of the more ancient lunar cycles, or periods in which 
the restitutions of her inequalities take place, adds that Hippar- 
chus, by comparing the ancient observations with those of his 
own time, discovered that the shoiiost penod in which the lunai 
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eclipses reiimi in the same order, and at equal intervals of time, 
v\as 126,007 days 1 hour, within which period there were 4207 
lunations; 4573 lesiitntions ol anomaly; 4612 tropical revolu- 
tions of the moon, minus 7^ degrees , and that the sun made in 
the same time 345 revolnUons with lespcct to the fixed stais^ : 
from the same authority we learn that Hippaichus had discovered, 
by a comparison of eclipses in which the moon’s anomaly and 
latitude were the same, that in 5458 months, or 161,178 days, 
there were 5923 restitutions of latitude. Now, dividing the 
above iiumbeis of days by the several numbers of revolutions, we 
obtain the corresponding times m which the diiferent revolutions 
of the moon were performed , and again, dividing 360 degrees 
by each of these, we have — 

12^.10075 for the moon’s mean daily synodical motion, 

13®. 17646 for her moan daily sidereal motion in longitude, 

1 3® .22935 for her mean daily motion with respect to the nodes, and 
13®.06498 for her mean daily motion with respect to the apsides : 
tlron, by subtracting the last of these from the daily motion in 
longitude, wc get 0®. 11 148 for the mean daily progiessive motion 
of the moon’s aj)ogcum , and, again, suhliactmg the daily motion 
inlougilnde fioin that with respect to the node, we obtain 0® .05289 
ibr tlic mean daily retro gradation of the moon’s node Lastly, di- 
vidnig 360 degrees by each of these last two results, we have 
3229.3 days for the period of a revolution of the moon’s apogeum, 
and 6806.6 days for that of a revolution of one of her nodes. 
The place of her apogeum in the heavens might he found by ob- 
serving, in Ibo registers of the moon’s daily motion, two of her 
places which ddfer, m longitude, by 180 degrees and, m time, 
by half an anomalistic levolution: and the place of a node by 
observing that of the moon m which hex latitude is null. 

By comiianug these results wilh those which have been ob- 
tained from the most accurate observations made in our own 
times, it IS proved that the moon’s mean motion has, since the 
days of Hipparchus, expcrioncod an acceleration, by which the 
above values arc diminished in different proportions Accord- 
ing to I-ia Place ^ the increase of the angular space described 
daily by the moon, in the present ago, with her moan motion, 

® Abiia^est, bib. IV. Cap. 2, Exposition du Syst^^me du Monde, Note IV. 
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beyond the daily angular space, described in the time of Hip- 
parchus, when expressed in sexagesimal numbers is, with re- 
spect to the sun, 0".00736452 , with respect to the apsides, 
0".026879364, and with respect to the node, 0".001439856 : 
and the same illustrious astronomer shows that these values 
agree very nearly with those assigned by the theory of gravitation. 

Previously to the time of Ptolemy it appears that the moon, 
like the sun, was supposed to have but one inequality of move- 
ment and, in this case, it is easy to conceive that the theory of 
the moon must have been similar to that of the sun, before de- 
scribed. In fact, the two systems of Apollonius relating to the 
orbits of the planets were, indifferently, used to explain the ap- 
parent variation of her motion ; and, in the application of the 
first, she was supposed to move on a simple eccentric circle with 
a velocity equal to her mean motion in longitude, while the ec- 
centric itself was made to revolve in the same direction with a 
velocity equal to that of her apogeum , in the application of the 
second system the moon was made to revolve on the circumfer- 
ence of an epicycle whose plane, as well as that of the homo- 
centric deferent circle, was oblique to that of the ecliptic ; both 
movements were imagined to be uniform, and the revolution in the 
epicycle was performed in the time of an anomalistic revolution, 
while the centie of the epicycle was earned about the homocen- 
tiic with a velocity equal to her mean motion m longitude. 

As the computation of the elements in a simply eccentric orbit 
have been aheady shewn, we may now exhibit the method em- 
ployed by Ptolemy to determine tliose of an orbit compounded 
of a homocentric circle and an epicycle : these elements are the 
radii of the circles and the equation of the centre; and as the in- 
vestigation involves only a knowledge of plane trigonometry, 
and Ptolemy piofesscs to follow* the method of Hipparchus, it 
is probable, as Delambic observes, that the whole process may 
have been taken from the latter ash'onomei , the explanation 
may, therefore, without impropriety be introduced in this place. 

In obtaining the data, there are employed the throe most an- 
cient eclipses of which any accounts have been transmitted to 
us, and of which it has been supposed that any particulars wore 
known to the Greeks , since, if Ptolemy or Hipparchus had been 
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acquainted witTi any of higher antiquity they would not have 
failed to mate use of them. All these eclipses ai'e lunar and 
were observ^ed at Babylon in the reign of Mai'docempadms, who 
is supposed to be the Shalmaneser of the Scriptures ; the first, 
which occurred in the 27th year of the era of Nabonasser, or in the 
year 720 B. c., is said to have been total and to have begun about 
an hour after the moon was risen in the night between the 29th 
and 30th day of the month Thoth, when the longitude of the sun 
is stated to have been 11* 24° 30' ; and it is shewn by Cassini 
that the time of the middle of the eclipse coincided with the 19th 
clay of March, at 3^ 20' or 3^ 28' before midnight, according 
to the reckoning at Alexandria. The middle of the second 
eclipse is shewn to have taken place at a time which corresponds 
to the 8th day of March in the year 719 Before Chiist, and at 
50' before midnight, at Alexandria ; the extent of the eclipsed 
partis stated to have been 3 digits on the moon’s southern limb, 
and the sun’s longitude to have been 11® 14° 45'. ^ The third 
eclipse took place in the same year as the last, on a day corre- 
sponding to the first of September, and its middle was at 4^ 20' 
before midnight, at Alexandria ; the extent of the eclipsed part 
was 6 digits on the moon’s northern limb, and the sun’s longi- 
tude was 5® 3° 15' nearly. 

Now the mean motion of the sun and, consequently, the 
relative motion of the moon in the interval between the first 
and second eclipse ; that is, in 354 1042 days, may be found 
from theknpwn daily motion of the sun (0^. 986) to be 349° 15'; 
and between the second and third eclipse , that is, in 176.8417 
days, to be 169° 30'. The mean motion of the moon in 
longitude for the first interval is obtained by multiplymg her 
mean diurnal motion (13° 17646) by 354.1042, the number of 
days ; then, rejecting whole circumferences or dividing by 360 
degrees, the remainder will be 345° 51', which is the distance in 
mean longitude between the places of the moon at the times of 
the first two eclipses : in like manner, the distance between the 
mean places of the moon at the times of the last two eclipses 
will be found equal to 170° 7'. Again, the mean anomalistic 
motion of the moon between the times of the first and second 
eclipse is obtained by multiplying the mean diurnal motion in 
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anomaly (13®.064&8) by 354.1042 days, and the whole circntii- 
ferences being rejected, the movement required will be 806° 25' ; 
in like manner 150° 25' will be found to be the mean anomalistic 
motion between the times of the second and third eclipse. 

With these data the elements of the lunar orbit were investi- 
gated in the following manner. Let E (Plate II. fig. I) be the 
place of the earth, c the centre of the epicycle amp, or the 
mean place of the moon at the time of the first eclipse, and 
assume m to be the true place of the moon at the same time ; 
make the arc M pb=: 306° 25', the ate b m I)=150° 25'; then the 
arc M D will be equal to 96^* 50': draw B E, m E and X) e ; then 
Zmeb (=349° 15'— 345° 51', or 3° 24'') will be the diiference 
between the true and mean geocentric motions of the moon, in 
longitude, in the interval between the first and second eclipse, 
and Z B E D (= 170° 7'— 169° 30', or 0° 37 ) the difference between 
the true and mean geocentric motions in the interval between 
the second and third eclipse; therefore, also, Zmed (=2° 47') 
is the difference between the true and mean movements in the 
interval between the fiist and third eclipse. Therefore, c or A 
representing the mean place of the moon, in longitude, at tlie 
times of all the threO eclipses, we have the angles m E c, b e c 
and dec for the unknown prostaphereses or equations of the 
moon’s centre at those times respectively. 

Draw c B, c M, c D , then, because the arcs B M, M d and b n 
are the measures of the angles b c m, mod and b c d, these 
angles are known, and, assuming' the radius of the epicycle to 
be equal to unity, we may compute, by plane trigonometiy, the 
chords B M, M n, b D ; witli these and the angles b E D, m E n, vre 
can also find the lines b e, n E and m e, and the angle E m c ; 
hence, in the isosceles triangle m c g we can find m & and the 
perpendicular c h, by which means H E becomes known ,.and, in 
the triangle c h e, we have data sufficient to find C e ; conse- 
quently P E becomes known ; and, by employing the trigonome- 
trical theorems now generally in use, we have ce=:11.501, 
when c p= 1 . Again, by the equality of the rectangles a e x e p 
and B E X E F, We may obtain the value of b f , whence, m the 
triangle bcf, we shall find the angle bcf to be equal to 
151° 5'; and from the triangle b c e, the angle b e c or the equa- 
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tion of the centre^ equal to 0® 59' lO'", and the angle b c a, which 
is the supplement of b c E, equal to 12^^ 24' 6" ; this is the an- 
gular distance of the moon trom the apogeum of the epicycle, 
at the time of the sepond eclipse, and corresponds to the 
anomaly in modem astronomy ; and in like manner the equa- 
tions of the centre and the distance from apogeo at the times of 
the other two eclipses might have been found If e N be drawn, 
touching the epicycle in n, we shall have, in the triangle c n E, 
data sufficient to obtain the angle c e n, the maximum equation 
of the moon’s centre^ and this will be found to be 4^^ 59' 2" : it 
has been said, above, that at the time of the second eclipse, the 
mean longitude of the sun was 11® 14° 45', by taking away six 
signs, we have 5® 14° 45' for the mean longitude of the moon ; 
and subtracting fiom this the prostaphcresis, 0° 59' 10", w’e have 
5® 13° 45' 50" for the true longitude of the moon at the same 
time : again, subtracting jfroni this 12^ 24' 6", the' distance of the 
moon from apogeo, we have 5® 1° 21' 44" for the longitude of 
the latter point ; frius are obtained the several elements of the 
lunar orbit, and the values above found agree nearly with those 
determined by Hipparchus. 

The radius of the epicycle may, as we have said, be con- 
sidered equal to the eccentricity of the moon’s orbit, in the 
other hypothesis, and we have just discovered that its proportion 
to the mean distance of the moon from the earth is as 1 to 
11.501, or as 0 0869 to 1: in the modem astronomy the eccen- 
tricity of the moon’s orbit is to her mean distance as 0.0625 to 1. 
The maximum equation of the centre, above determined, is not 
to be considered as constant, that value, having been computed 
from the data afforded by an eclipse, holds good only when the 
moon is in syzygy ; in other circumstances the equation will be 
different, but it is probable that this was not suspected in the 
days of Hipparchus, and that we are indebted, for the first in- 
formation of the fact, to Ptolemy who discovered it by investi- 
gating the elements of the lunar orbit at the time the moon was 
in quadrature, as will be hereafter explained. 

In continuing his investigation of the moon’s orbit according 
to the method followed by Hipparchus, Ptolemy proceeds to 
shew iiow the places of the nodes weie found, for which 
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purpose he compares the second of the Babylonian ochpses 
above mentioned, which took place in the year 719 Before 
Christ, with another observed also at Babylon in the year 501 
Before Christ ; in both of the eclipses the extent of the shadow 
was three digits, on the moon’s southern limb, so that her centre 
must have been equally elevated above the plane of the (jcliptic 
towards the north ; in both echpscs, also, the moon was near 
the apogeum but, at the first, she was near the ascending, and 
at the other near the descending node. The interval between 
the ,two eclipses was 218 years, 309 days, 23j^V hours, or 
79879 96 days, in which arc included 2935.4446 revolutions of 
the moon firom one node to the samej the cxcobb above 2985 
complete revolutions is equal to lOO'^ 4', and this is the distance 
in mean longitude between the places of the moon at the times 
of the two eclipses But the equation of the centre at the time 

of the first eclipse was +59' and at the second, +13'; the dif- 
ference between these, added to the mean distance, givc‘s 160® 
50' for the true distances between the two ]daees of the moon; 
and, since she was at equal distances fiom the ojiposite nodes, 
it follows that half the supplement, that is 9® 35', is the disfiuico 
of the moon from the node ; or the moon’s longitude at tlie time of 
the first of these eclipses exceeded that of her ascending node by 
that quantity ; hence, the former being Imown, as WO have said, to 
be 5® 13® 46', the longitude of the node must have b(‘en 5® 4® ll\ 
The inclination of the moon’s orbit to the jdanc? of the cjcliptie 
might have been found as wo before mentioncKl by direct olmtT- 
vation, at a time when the moon was at ninety degrees from tlie 
place of her node; but Ptolemy, or Hipparchus, appears to liavo 
attempted to determine this element by means of partial lunar 
echpses ; selecting for the purpose such as occun^ed when ihii 
luminary was nearly at her mean distance from tlie earth, hecausri 
then, her true horary motions in longitude and latitude are mwly 
equal to her corresponding mean motions ; for, supposing the 
semidiameter of the moon and that of the earth’s shadow, in t!m 
region of the moon to be known, the sum of thcise, idlc^r de- 
ducting the extent of the obscured portion of the moon, givc*H 
her latitude, nearly, at the time of the eclipse ; then, th(^ pro- 
portion of the horary motion in latitude to that in loiigilutli* 



238 


THE DISOOVEEIES 


[chap. 


gives, by similar triangles, the moon’s distance from her node ; 
from which, and the latitude thus found, the angle at the moon 
being a right angle, the required inclination may be obtained. 

It had been attempted, as we have said, to obtain the measure 
of the angular (hameters of the sun and moon, directly, by an 
instrument ; but this appearing not sufficiently delicate to shew 
the variations of the moon’s apparent diameter when in dif- 
ferent parts of her orbit, Ptolemy, or Hipparchus, being con- 
scious that such variations existed because of her different 
distances from the earth, had recourse, for this element also, to 
the data furnished by the legisters of eclipses. For this purpose 
two eclipses of the moon were selected when she was nearly in 
apogeo ; in one of the eclipses the obscure part was equal to 
one quarter of a diameter on the southern hmb, and, in the 
other, it was equal to half a diameter on the northern limb ; 
the distances of the moon from the node at the times of the 
eclipses, and the inclination of her orbit were known; hence 
the latitudes could be computed, and the difference between 
them was found equal to 7' 50" which was, of course equal to 
the difference of the magnitudes of the obscure parts, and the 
latter difference being equal to a quarter of a diameter, we 
have 4 x ( 7 ' 50"), or 31' 20" for the diameter of the moon when 
in apogeo. In a similar way the diameter was found when she 
was in perigeo and, also, when at her mean distance from the 
earth ; and, in the latter situation, it was made equal to 33' 30". 
The angle subtended at the earth by the diameter of the cone 
of shadow in the region of the moon was easily determined by 
the last of the above-mentioned eclipses ; for half the disc of the 
moon being obscured, her centre must have been on the circum- 
ference of the section of the shadow , and, as the centre of this 
is supposed to bo m the plane of the ecliptic, the semidiameler 
of the shadow was then equal to the latitude of the moon, 
which, being computed, was found equal to 40' 40' ; this is, 
therefore, the angle subtended by the half breadth of tlie sha- 
dow when the moon is in apogeo ; and in the same maimer 
41' 22" was found to be the angle subtended when the moon 
was at her moan distance from the earth. 

As soon as it was known that the magnitude of the earth 
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bore a finite relation to its distance firom tie moon and snn, it 
must have been perceived that the places of these bodies in the 
heavens would be different accoiding as the point of sight was 
supposed to be at the centre, or on the surface of the earth ; 
and if the first was considered as the true place, it would be 
found necessary to correct the observed place on account of the 
'paraMaXy which was the denomination applied to this cause of 
error. It is not likely that the parallaxes of the moon and sun 
should have been unknown even in the days of Aristarchus, but 
the first information we have received of them is derived from 
the works of Ptolemy, from which we learn not only that Hip- 
parchus was aware of the nature of this element, but, also, that 
he was in possession of rules for computing the effects of the 
lunar parallaxes in longitude and latitude , the former astrono- 
mer, however, in his investigations for determining the lunar 
orbit % employs some observations on the moon which had been 
made by Hipparchus, at Rhodes, and in which the luminary 
was without parallax m longitude, her apparent place being ex- 
actly in the nonagesimal degree ; that is, in the plane of a great 
circle passing through the poles of the horizon and ecliptic, it 
is probable, therefore, that Hipparchus had purposely chosen 
the times, when the moon was so situated in order to render his 
determinations independent of that element of whose just value 
he might reasonably entertain some doubt. 

The distance of the moon from the eaitli being found, as we 
have before said, (Chap. X.,) to be equal to about sixty semi- 
diameters of the latter, and the distance of the sun from the 
earth, according to the determination of Aristarchus, being 
about nineteen times the distance of the moon, it migfit be 
found, by a graphical construction or otherwise, that the hori- 
zontal parallax of the moon is about 57 minutes and that 
of the sun about 3 minutes, and these are the values which 
Hipparchus appears to have employed in his calculations ; the 
first does not differ much from the truth, but the other, firom 
the error in the distance of the sun, is about twenty times as 
great as it ought to be. 

The effect of the moon’s parallax may have been sensible to 
^ Almagest, Lib. V. 
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the ancients by a disagreement in the observed and calculated dif- 
ferences of latitude or declination, of the moon and a fixed star ; 
or by observing that the distance of the moon fi:om a certain 
star, when both were together on the meridian, appeared dif- 
ferent if seen from two peaces not having the same latitude ; 
or, finally, by observing that, fiom two places so situated, a 
partial eclipse of the sun, on the northern or southern limb, 
did not appear to be of equal magnitudes; and Ptolemy says^ 
that from observations of this kind, by assuming for the pa- 
rallax of the sun certain small quantities, Hipparchus attempted 
to find that of die moon ; but this method does not appear likely 
to have afforded anymore correct icsult than that obtained from 
the magnitude of the earth audits distance from the moon. 

The following examples may serve to shew in what manner 
the motions of the planets weie explained by the theory of a 
simple epicycle, which we suppose to have been adopted in the 
time of Hipparchus, though the description is taken from the 
works of Ptolemy. The time of a planet’s opposition to the sun 
has always been consideled as the most eligible for making the 
observations by which its place is to be ascertained , because 
the planet, earth and sun being, then, in one line, the longitude 
of the first differs from that of the last by exactly 180 degrees ; 
and the situation of the sun with respect to the equinoctial 
points being known by direct observation, or obtained fiom its 
mean place by equations which could early boast of consider- 
able accuracy, the corresponding place of the planet became, con- 
sequently, known wuth greater certainty than when in any other 
part of its orbit. This was an advantage, however, which the 
supeiior planets alone afforded; Venus and Mercury never come 
ha opposition to the sun, and when in conjunction with him 
they are invisible ; hence the ancient astronomers were reduced 
to the necessity of making their observations on these planets 
at the times of then greatest elongations from the sun, which 
are less easily determined than the time of the opposition of a 
superior planet. 

Now, from the registers of observed oppositions of the supe- 
rior planets, Ptolemy, or rather Hipparchus, found that, in 
® Almagest, Lib. V. cap. 11. 
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59 0048 tropical yeatB, Saturn had come 57 limes to opposition; 
that kj had made 57 comploto revolutions in his epicj’-cle, or 
there had hoen 67 restitutions of anomaly as it was then called ; 
that, in 70i)B6(Hropieal years^J upiter had come (>5 times, and that 
in 794)097 tropical years Mars had come 37 tunes to opposition* 
"Fherefore, in order to exhibit tluvse jihonomcaia and dinluco from 
thence die values of tlu? mean movements of the supcaior jdanets, 
agreeably to the d(‘scription of Ptolemy, let k (Plate IL fig* 2.) 
hi^ the earth, H s H' tlui orbit of the sun, amp the planet’s de- 
rewni citch and V t its ('picyel(‘. Lvi it 1)(‘, at first, supposed 
that the planet is at in the pmigeum of tlie (‘picyclc at the 
time of opposition, wlum the sun is at H', and that it revolves on 
tliatcirch* in the direction V'Vu; then, between the time of that 
opposition and tlu^ n(‘xt, the ctuitre of the epicycle will have 
moved from M, suppose to M', the plaiud will move to v', and 
tlie sun will dt\Hcrihe ont^ comjdete r(*\olution togetlu^r with the 
arc H's', which is tlu‘ measure of th(‘ angle m km' ; hut the in- 
tt^rval between twc) <»pp(mitions, and it may h(^ added, of two 
conjunctions, being <*onsidered as one levoluiion of the planet 
in its eph*ych‘, it follows that such a revolution, (supposed to 
he tJyough 390 degrees,) is performed in th(\ time that thc% sun 
takers to describe 300 degnam togctlier with the number of de- 
giws in tlu^ angle m k u' ; and conse(iU(»ntly, that the mean mo- 
tion of tlu‘ plam‘t in its (‘pieycle with resp(*et to tlu* sun, or, as 
it is callt'd, the* mmm rt'lative motion, is eijual to tlu^ dithu’enco 
hc4w(H*n the immu motion of the sun and that of tin* phuud, in 
hmgiiudtu lluu'ofore, that the planet may accomplish any num- 
hvr of entire revolutions in the (‘pieyclcv the sun must make a« 
many tropical nwidutions about the (*arth together with as many 
times the arc H's': now, with respt^k to the planed Hatmn, the 
period of 594)018 years, within which tinier 57 (‘omphde* revolu- 
tions ill the (’picycle were perfonned, may he eonsider(*d as made 
up of *57 +24)018 tropical nwolutions of the sun ; Imt 24)048 re- 
volutioiw on the circumfertume of a circle am ec|uiil to 73L710 
degna^s, wliicdi art? those descrilaHl by M, tlu^ centre of the epi- 
cycli% in 594)018 years: hence the piuiodieid time of a nuiin 
revolution of Hatuiii in his orbit about the eatlh warn, by ilia 
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ancients, found to be 29 03 years. To find tlie mean diurnal mo- 
tion of Saturn, in liis epicycle, divide 20520 degrees ( z: 57 circles) 
by 21551.5 days(=59 0048 years), and tbe quotient, 0°.95214,will 
be tbe movement required , 731.710 degrees divided by 21551.5 
days give 0° 033486 for the planet’s mean daily motion in lon- 
gitude ; and these two movements are equal to the mean daily 
motion of the sun about the earth • lastly, dividing 21551.5 days 
by 57, we have 378.09 days for the time of one mean periodi- 
cal revolution of Satuni in his epicycle, or the interval between 
two oppositions. In like manner the periodical times and the 
mean movements of the other superior planets were found. 

In determining the times and movements of the inferior planets 
Hipparchus considers that, as the centre of the epicycle de- 
sciibed by each is always in a line drawn from the earth to the 
mean place of the sun, the mean movement of the planet in lon- 
gitude, or the motion of the centre of the epicycle is equal to 
the mean .motion of the sun ; that is, to 0*^ 98563 daily : but, 
for the movement in the epicycle, he found, as is related by 
Ptolemy, that the anomalies of Venus were restored five 
times exactly, in 2919.75 days, and those of Mercury, 145 
times in 16802.53 days , that is, the planets returned so many 
times to their gieatest elongations fiom the sun, on the same 
side of that lunnnary, in those periods respectively ; and, di- 
viding the penods by the number of restitutions, he obtained 
583.95 days and 115.875 days respectively for the periodical re- 
volutions of Venus and Mercury in their epicycles in the inter- 
val between two such elongations , or, Tvhich was then consi- 
dered the same thing, the interval between two consecutive in- 
ferior, or superior, conjunctions with the sun, then, dividing 
360 degrees by the number of days in each of those periodical 
revolutions, we have, with respect to the sun, the mean daily 
motions of the planets in their epicycles , which are, for^Venus, 
0 61649 degrees and, for Mercury, 3.10667 degrees. But the 
return of an inferior planet two successive times to the pomt of 
maximum elongation on the same side, or to the point of like 
conjunction, is accomplished in a period equal to that of its re- 
volution upon the circumference of the epicycle, together with 
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tho tinu' in which it would doKcribo an axe of that circuit) ferenco 
«ui)tcn<liiiK m» a«glo (‘(iiud to that of thi; hud’s luovoiiient in tlie 
said period; for let k (Plato 11. fig. 2.) ho tho earth; H"h" do- 
scribed about K as a centre, bo part of tho sun’s orbit, and AM i> 
be tho orbit of the centni of tho <‘picyclo Vt V' ; also, let V' bo 
tho place of tho planet at its inferior eonjunetion ; then, while 
the planet has moved on the cireumfeKuuu* of the t'picych' in re- 
trogrado order from V' to V, the point of next inferior conjunc- 
tion, the point K" has moved to s", having <leserib(«d the arc H"s" 
simply, if the planet be Mei'curv', and the are H"h' togetherwith 
a eoiuplete circuuift-renee, if tho planet la- Vt-nus ; iji conso- 
quenee of which, by dnuving the lint- a M'b parallel to V M V', 
it is evident that V' must luivo di-seribed om- circumft-rc-nce of 
tho epicycle together with the arc b v', which is the measure of 
the Jingle b m' v', or of its (-qual S" k s". Now multiplying the 
number of days in the periodical revolutions abo\ (- found, which 
are also tlu- times of desciibing the arc K's", by the daily 
movi-meut of the sun, we havt- tlui value of tht^ angh- S'' KS", or 
b M' V' ; aixl to this adding .1(80 degrc-i-s, we obtain the iingular 
moveuH-nts of the planets, in (heir epicycles, in tlu* times of 
those revolutions; conw{|uently, by proportion, wo get the mean 
times of the revolutions through the (‘xuel cm*umf(*r(!m*es of tlm 
I'pieyelcs; wdiich ar«', for Venus 22 1,71 days, and for Mercury 
H7.tHJH days ; and, again, dividing 3(!0 degns's hy these times, 
the results will he 1.(1021 degrees luid I.OO'i:! degrees, the mean 
daily movements in the ephyeles ; these hist are evidently equal 
to the sum of those above, and of the mean daily movemeut of 
the sun ; and tho poriodieal times just found agree almost exactly 
with those assigned to the sidereal revolutions of Venus and 
Mijreury by the modern astrouomerH. 'I’he following table ex- 
hibits the poriodieal times ami the mean moveunents of all tho 
plaiM'ts according to the theory of Ilippsirelms, hut dedmasd, 
probably, by Ptolemy himself; for the lattt'r observes* that 
Ilipparehus eonfmed his iuv<>stigatious chietly to tlu* theories of 
the sim and moon ; not having had so many good observations 
on the planets l<*fi, to him by tbe ancients as Im left to tlioHO who 
were to follow him. 
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Saturn 
Jupiter 
Mars . 


Mean periodical i evo- 
lution in longitude, 
or of the centre of 
the epicycle. 

. . 29 ‘03 years . 


Mean periodical revo- 
lution in the epi- 
cycle 


Mean daily motion 
in longitude 


Mean daily motion 
in the epk ycle. 


. 378 00 days . . - 0°-03349 .... 0*’ 95214 


. . . n-88 398 89 0 *08312 .... 0 90250 


. . 1-80 779 88 0*52424 .... 0*48173 


Sun 1- 0 -90503 

Venus ... 1- 503-96 0 -90603 .... 0 -61049 


Memiry . . 1- 116 876 0 98603 .... 3 -10067 


Hipparchus was bom at Nicsoa, in Bilhynia, but both Ptolemy 
and Theon relate that ho made many celestial observations at 
Rhodes, and it is probable that liis pnncipal worhs were com- 
posed at that place. Besides tlic invention or improvement of 
trigonometry and the comjnitation of tables for tlic purpose 
of facilitating its application in astionomical enquiries, he 
must have spent many years in making observations: his la- 
bours in deducing from tliom and from tboso of his predecessors 
the pnncipal elements of the solar, lunar and, perhaps, of the 
planetary orbits must also have boon immense, and wo must 
add to these important objects the formation of his catalogue of 
1080 stars ; from all which wo shall bo justified in concluding 
that this distinguished philosopher was qualified to rank with 
the most celebrated of modem Europe lie died about tho 
year 125 Before Christ. 

Little scorns to have been done in astronomy between tlio 
times of Hipparchus and Ptolemy ; for we can hardly consider 
that the science gained any thing by the works of Ilypsicles, 
Theodosius, Monclaus and the first Theon, who lived in that 
interval, since these are, apparently, only compilations iiitoiidod 
for elementary instruction, and scarcely contain any subject 
which admits of application to practice. We proceed, therefore, 
to give some account of the woiks of Ptolemy, to whom tlio 
science is indebted for many considerable improvomouts. 
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CHAPTER XII. 

IMPEOVEMENTS INTEODCCED BV PTOLEMY. 

Instraments invented by Ptolemy. — Sun dials and clepsydra employed for 
measuring” time. — Ptolemy’s deteimination of tlie precession. — IIis catalogue 
of stars. “'Ills arguments for tlie rotundity and immobility of the earth — 

The obliquity of the ecliptic — The length of the tropical year. — The planet- 
ary orbits repiesented by eccentric deferents and epicycles. — The solar 
orbit according to Ptolemy the same as that of Hipparchus. — Formation of 
a table of the equation of time.— -Elements of the lunar orbit at the epoch of 
Nabonassar.^ — ‘Discovery of 4he second inequality of the moon's motion.— 
Investigation of its value.— -The diameters of the homoc^ntric and eccentric 
circles, and of the epicycle. —The moon’s parallax, and distance fiom the 
earth.-*-Ptolcmy’^8 lunar theory eiioneous. 

The rcscarclios of Ptolemy, which are, chiefly, contanied hi the 
Megalc Syntaxis or, as it was siihscqaciitly called, the Alma- 
gest, relate to the jiositions of the fixed stars, the length of the 
year, and the elements of tlie orbits of the sun, moon and 
planets ; so that this work constitutes a general treatise on as- 
tronomy, and it is the moie interesting to ns as it remained tlio 
text-book of the schools hotli in the East and in hhiropo till the 
gieat revolution in the science took place by the promulgation of 
the system of CV)poriiicuB. 

The instruments of observation used by Ptolemy or bis con- 
temporaxics appe^ar to have been of thr(‘o difierent kinds : ho de- 
scribes one with which ho measured, or proposed to measure^ 
the zenith distance of the sun and the obliquity of the ecliptic, 
and which seems to have differed little from the meridional 
armillm of Faatosthenes ; it consisted of two rings, one movo- 
ahle upon the interior circumference of the other, in the same 
plane, which was that of the meridian ; the exterior circle was 
graduated in degrees with as many subdivisions as each degroo 
would contain and the other carried two small gnomons, at the 
extremities of a diameter, which served to form the line of sight ; 
the whole instrument was fixed on a pedestal and its vcrticiiy 
was ascertained by a plumb-line suspended from the top. Plo- 



246 


IMPROVEMENTS INTRODUCED 


[chap. 


lemy, also, desciibes a quadiant which he says may be made of 
wood or stone and with a moveable alidade cairying sights , 
hhe the meridional armilla it is said to have been intended to 
measure zenith distances but, probably, its radius was made 
much larger than that of the last mentioned ms tr ament m older 
to afford more accxn*ate oi more minute subdivisions , and it is 
evident that these two instruments must have served pre- 
cisely for the same putposes as our present mural circles and 
quadrants. 

But it seems that neither of these instruments gave the zenith 
distances of celestial bodies with the degree of correctness which 
was then thought necessary, and Ptolemy invented anothei ^ 
which the second Theon afterwards designated the parallactic 
rods : this consisted of a pillar placed vertically on a foot, at 
the upper extremity was a joint on which turned a long alidade 
carrying the two sights, and these were circular apertures pierced 
m two plates, probably of metal ; one of the apertures was lecom- 
mended to be very small, and the other, rather larger than the 
visible diameter of the moon in perigeo, evidently, in order 
that, the whole disc of the sun or moon being visible within it, 
the position of the line of collimation might be neaily free fiom 
error: the alidade was kept in its position, \\hen directed to the 
celestial body, by a third rod' which, also, turned upon a joint 
in some pait of the veitical lod and was giaduated so as to 
shew the angle between the latter and the alidade , that is, the 
zenith distance required : as the graduated rod could not have 
been veiy extensive, we may consider that this instrument an- 
swered, in some measure, the purpose of one of our zenith 
sectors. 

Another important instniment which was used by Ptolemy, 
and, probably also, by Hipparchus, was an astrolabe for taking 
the distances in longitude between the sun and moon, or be- 
tween the moon and a star. It consisted of two lings fixed at 
right angles to each other, one in the plane of the ecliptic and 
the other in that of the solstitial colure , to these were added 
two other rings whose planes turned about the axis of the eclip- 


® Almagest, Iiib V. 
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tic circle so as to form two moveable ciicles of celestial longi- 
tude, and in the interior of one of these was another circle 
capable of turning in the same plane as that to which it was 
applied , this carried two sights diametncally opposite to each 
other, which being directed to a celestial body, the arc of the 
exterior circle intercepted between the ecliptic and either of the 
sights gave, by the giaduations on that circle, the latitude of the 
body. In making an obseivation -for longitude, one of the 
moveable ciicles was directed to the sun or moon, having been 
first fixed to that degree of the ecliptic circle which expressed 
the known, oi previously computed longitude of the luminary, 
by which means the zero of the graduations on the ecliptic circle 
was made to correspond with the place of the vernal equinox in 
the heavens, then the other moveable ciicle of longitude was di- 
rected to the second celestial body, whether the moon, a planet or 
a fixed star, and the arc of the graduated ecliptic ciicle between 
the zero and the moveable circle gave, by inspection, the longi- 
tude of this second body. It appeals that, on the circumference 
of the solstitial iing, were fixed pins m two diametrically oppo- 
site points, representing the poles of the earth, and that the 
whole machine revolved about the axis passing through those 
points, which was placed so as to be parallel to that of the 
eartli. From the iiatuio of the fractions of degrees set down by 
Ptolemy, in stating some longitudes of the sun and moon taken 
by this astrolabe, it apxiears that the ecliptic iing was graduated 
into thirds and, perhaps, into sixths of degrees, but nothing in- 
dicates gi eater mmuteness of subdivision. A dioptra is men** 
tioned by Ptolemy as an mstiument used m making observa- 
tions, but it IS probable that it merely signified a tube to render 
vision more distinct by xiermitting only those rays of hght to 
enter tlie eye which come directly from the celestial body , and 
it may, foi this purpose, have been attached to the alidades of 
some of the armillse oi of the parallactic rods. 

Tliere is reason to believe that, in making astronondical ob- 
servations, the ancients used to contemplate the heavens parti- 
culaily 111 the direction of the meridian ; since we find m their 
works allusions made to the practice of descending into the 
earth, in order that they might have a view of the stars, and this 
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could only have been obtained when the latter were opposite 
the entrance of the excavation but there is no positiouj except 
that of the meridian, in which observations could be constantly 
made, and we, therefore, feel justified in concluding that these 
were really made in that plane. Strabo relates^ that, in his 
time, there were shewn, in the prefecture called Litopolitana, 
near Heliopohs, certain caves which had been used for observ- 
ing the motions of the celestial bodies , and he remaiks that 
similar caves were in existence near Cnidus in Asia. Such 
excavations, if sufficiently deep, would permit the planets and 
principal fixed stars to be seen in the day-time ; and, if made 
in the plane of the meridian, would be well adapted for wit- 
nessing their transits over that plane , and, consequently, for 
ascertaining immediately, with instruments, their right ascen- 
sions and declinations. Various methods were adopted by the 
ancients to diminish the brilliancy of the sim’s light when ob- 
servations were made on that lummary: Aristotle states^ that 
mirrors were used m his time, and it is probable that these were 
polished plates of some dark stone : Ptolemy informs us that 
vessels of oil or some thick liquor were employed for viewing 
eclipses of the sun, and Seneca ^ mentions the use of a smoked 
glass for a like puipose. 

The knowledge of the hour at which any phenomenon oc- 
curred, or any observation was made, is of the utmost import- 
ance in astronomy; and, therefoie, it will be proper to add to 
the above description of the ancient instruments for measuring 
angles some accomits of the first inventions for ascertaining the 
divisions of the day apd night. We have mentioned in the third 
chapter, that the gnomon might have been, from the earliest 
times, employed as a sun-dial, and Vitruvius relates^ that in- 
struments had been constructed by Eudoxus, Aristarchus and 
others, for exhibiting the hour of the day ; of these, the sca- 
phium, or boat, and the discus, both of which are said to have 
been invented by Aristarchus, appear to be the most simple; the 
first, which was in the form of a hemispherical cup, was pro- 
bably placed so that its rim lay in a hoiizontal position, and 

® Gieqgr. Lib. XVII. ^ Meteorol. Lib I. ® Nat Qiiaest. Lib. I. 

^ He Architectura, Lib, IX. cap. 9. 
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ilio object which cast the shadow might bo a hoiizontal bar 
foimmg a diameter to the iiistmment and placed in the direc- 
tion of the meridian ; then the concave surface being divided into 
twelve equal parts, by semicircles having the bar foi a common 
diametci, the shadow of this would, at all seasons of the year, 
divide the day, between suniise and sunset, into twelve equal 
parts, or, UvS they wore then called, temporary hours, whicdi, for 
civil purposes, seem to have been genet ally used among the 
ancients, though attended with this mconvcnicnce that, in dif- 
ferent seasons, the hours are of diffeicnt lengths. The discus 
may have been an equatorial or hoiizontal dial in the form of a 
circular plate, as its name implies. 

But Vitruvius informs us** that a certain Berosus had in- 
vented, or introduced into Greece, a dial, which he describes as 
a semicircle cut from a square and inclined accouling to the 
climate: Ileimcyclium eivcavainm m quadra fo^ ad enclima- 
que I and it is jnobablc that tlic dial diseovciccl by 

Stuart on the south side of the Acrojiolis at Athens is of this 
kind. Fiom the account given of it in the second volume of 
the Antiquities of Athens, it appears to be a block of stone so 
excavated as to have the appearance of one end of a boat cut 
asunder transversely; the up])or surface of the stone is hori- 
zontal, hut the front is cut in a plane which probably was in- 
tended to be parallel to that of the equatoi, and this seems to 
bo what is mi'ant by the expression ad eaclmai^ in Vitruvius ; 
but, if the measures given by Stuart arc conect, its declina- 
tion from a vortical line is only 3(>® 87', which indicates a 
latitude about l|r degree southward of Athens : the concare 
surface of the cxcavatiim, wdiich is not, indexed, spherical, Imt 
in the fomi of a portion of an hyperboloid, is divided into 
twelve equal portions by the hour lines ; these diverge from 
the vortex of the concavity and cut the section of its super- 
ficies, made by tlie inclined face of the stone, in as many 
equal parts Iho object which cast the shadow is supposcal to 
have hoon a horizontal bar coinciding, in position, with llus 
axis of the hyperboloid, in which case, as in the scaphium, by 
tlic amval of the shadow at the different hour lines, the day, 

* lu loc. dt. 
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between sunrise and sunset would, in all seasons, be divided 
into twelve, equal paits. Upon tbe concave suiface are also 
drawn two curves in planes parallel to the equator, which 
Stuart supposes to represent the paths of the shadows cast by 
the extremity of the bar on the days of the equinoxes and of 
the winter solstice, the extremity of the excavation, on the 
front of the instniment, representing the path on the day of 
the summer solstice. 

Dials of this kind seem to have been very generally used by 
the ancients , Cicero, in a letter to a friend, proposes to send one 
to his villa, and, in 1746, such a dial was discovered in the rums 
at Tivoli which are supposed to be those of his Tnsculan seat; 
several others have been since found in Italy, and, in 1762, one 
was obtained from the ruins of Pompeii similar to that above 
described but wanting the tropical curves, or those which 
represent the paths of the shadow on the days of the equinoxes 
and solstices ; its concavity is not spherical and the hour lines 
are not equally distant from each other, but Newton, the com- 
mentator on Vitruvius, ascertained by trial that the planes in 
which they lie make equal angles with each other; and, conse- 
quently, that the divisions of the day weie equal, as well m 
this dial as in the others . the face of the dial declines from the 
plane of the prime vertical about 31 degrees, which is the position 
of the equator near Alexandria in Egypt, and it is possible that 
it may have been brought from that countiy to Rome. 

The most mteresting example of the ancient practical gno- 
monics is exhibited m the dials on the faces of the Tower of 
the Winds or, as it is called by Varro, the Tower of the Clock, 
at Athens, of which a description is given, in the first volume 
of the Antiquities of that city, by Stuart. This edifice is be- 
lieved to be at least as old as the time of Alexander, and seems 
to have been expressly made to contain a clepsydra, or clock 
for shewmg the hours by the flowing of water through an oii- 
fice, it IS of an octangular form, the faces are opposed to the four 
cardinal, and the four intermediate points of the horizon, and, on 
each face aie the houiTines proper for a vertical sun-dial having 
that particular aspect. These may not be of tlie same antiquity as 
the tower itself, and the silence of Vitruvius concerning them is 
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an aigumeiit in favour of the opinion that they were executed 
since his time , but this is not conclusive, and it is observed by 
Delambre ^ that there is nothing in their construction which may 
not be referred to the age of Hipparchus. The gnomons of 
all the dials are wanting ^ but there remain the holes by which 
they were attached to the w'alls. From the measuiements 
given by Stuart, Delambre has, by computation, verified the 
construction of the five principal dials; he finds that the 
lines repn^sent the temporary hours, or the equal division of 
the day from sunrise to sunset, and that they are traced 
with remaikable correctness ; but those on the north-east face 
are the least so, in which he considers the artist excusable 
because a small ennr in the giaphical operation w^ould, in 
a dial so situated, sensibly derange the positions of the hour 
lines. Fiom the construction of the east dial, the latitude of 
the place appears to have been assumed to be 37® 30' , but 
modem observations make that of Athens equal to 37® 58', 
and it IS piobable that gicat accuracy m this clement was 
not attempted by the artist. 

Instruments for measuring time by the motion of the sun must 
of course have been useless by night, or under a cloudy sky ; 
and it, consequently, then became necessary to obtain the hour 
by means of a clepsydia : according to Vitiuvius^, this was in- 
vented by Ctcsibius of Alexandria ; and, from his description, 
it IS evident that such machines were, also, made to divide the 
day between sun-iise and sun-set m twelve equal parts, ingenious 
contrivances scorning to have been used fo enlarge or diminish 
the aperture m proportion to the decrease or augmentation of 
the lengths of the natural days But this mode of division, by 
which the hours of the day or night weie made of lengths which 
vaiied according to the variations of the seasons was attended 
with great inconvenience to the practical asUouomer, and Ptolemy, 
or rather Hipparchus, intioduced the use of the constant, or as, 
they were called, equatoiial hours which divide the period be- 
tween two arrivals of the sun at the meridian into twenty -four 
equal parts, and are very neaily of the same length in all seasons ; 
and, though no mention is made of them, there can be no doubt 
* Histoiie de FAstronomie, Tom. II. page 408. ^ la loc. cit- 
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that both sun-dials and water-clochs, exhibiting this division of 
the day, were constructed in their times, in order to avoid the 
trouble of i educing one of these kinds of hour to the other. 

The notices given by Ptolemy concerning the fixed stars are 
contained in the seventh book of the Syntaxis or Almagest, and 
the most important among them is that relating to the re- 
trogradation of the equinoctial points, which he determines from 
a compaiison of the longitudes of two of the stars, observed by 
himself, with those of the stars obseived by Hipparchus. He 
states that in the second year of Antoninus, (137 after Christ) 
the sun being at the point of setting and the moon visible, he 
found her longitude by the astrolabe, in the manner above de- 
scribed, to be 2 ® 5 ° 11 ' ; half an hour afterwards, the sun being 
set and the star Regulus becoming visible eastward of the moon, 
the difference of longitude between them was then found to be 
27° 15'; but the increase of the moon’s longitude in the half 
hour being computed at 15 minutes, and the moon’s parallax in 
longitude being found by computation to be equal to 5 minutes 
by which her longitude wsls diminished , it follows that the 
true longitude of the moon at this time must have been 2® 5° 21', 
and adding this to the dificrence in longitude, of the moon and 
star, above found, we have 4® 2® 36' for the longitude of Regulus. 
But Ptolemy states that, in the fiftieth year of the third Calippic 
period, that is 265 years before the time of his own observa- 
tion, Hipparchus had found the longitude of the same star to be 
3 ® 29° 50' , consequently, in the interval, the equinoctial points 
must have retrograded as much as 2° 46', which is equivalent to 
37 I seconds, or as Ptolemy makes it, 36 seconds, annually. 
Now we have seen that the observations of Hipparchus com- 
pared with those of Timocharis give, foi the annual retrograda- 
tion, a quantity between 42 and 59 seconds ; and if the longi- 
tude assigned by Hipparchus to this star be compared with that 
which, according to the Greenwich Catalogue, it had in 1820, 
that is 4® 27° 19' 41" ; it will appear that the increase of the 
star’s longitude, in the 1948 years which had elapsed from the 
date of the observation of Hipparchus, amounts to 27° 29' 41"; 
consequently the annual precession of the star would be 50".8 ; 
nearly the same value is obtained from the observation made by 
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Hi|)parchus on the star w in Canis Major, and both the theory 
of gravitation and the deductions made from the more accurate 
observations of modern times coincide in indicating 50''.1 for 
the mean annual value of the precession. 

Ptolemy asserts that he had deteimined, in the same manner, 
the longitude of Spica Virginis and had obtained from thence 
the same value (36 seconds) of the precession , and this er- 
roneous value he employs in all the calculations involving that 
clement. Having fixed the positions of these stars with respect 
to the equinox by their distances firom the sun, as above described, 
Ptolemy obtained the differences of longitude between these 
and others, and their latitudes, by direct observations with his 
astrolabe 5 thus he formed that catalogue which he has consigned 
to posterity, and which has been of so much service to astrono- 
mers by enabling them to detect the changes which have, since 
his days, taken place in the positions of the stars called fixed. 
The epoch he has chosen for his catalogue is the beginning of 
the reign of Antoninus, which corresponds to the year 135 of 
the Chiistian era, and to that he has reduced the longitudes and 
latitudes which he obtained from his observations. But, on 
comparing the longitudes he assigns to the stars with those in 
the catalogue of Hipparchus, it appears that the differences be- 
tween them are such as would result from merely augmenting 
the latter by the amount of the precession in the interval of 
time elapsed between the epochs of the catalogues, at the annual 
latc of 36 seconds; now this is unfortunately incorrect and the 
unifomiity of the differences has given use to a suspicion that 
Ptolemy did not, actually, make any observations on th c fixed stars, 
but merely copied their places from the works of the more ancient 
astronomer, adding to the longitude 'of each star the change 
caused by the rctrogradation of the equinoxes in the interval. 
This suspicion appears to be, however, unfounded, and I^a Place, 
on the supposition tliat the longitudes assigned to the stars by 
Hipparchus are correct, observes that it will bo possible, from 
the erroneous dotermihation of the length of die year, made 
both by Hipparchus and Ptolemy, to account for the error of the 
latter in the value of the precession ; for the length of the year 
being too groat by about 6 minutes, the daily motion of the sun 
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and, consequently, at any given time, his distance from the equi- 
nox, according to the tables, would be too small ; this would 
render the longitudes of stais, determined by Ptolemy from ob- 
servation, also too small, seeing that they were obtained by an 
instrument adjusted to the computed place of the sun ; therefore 
the change in the longitudes of stars at a given interval fiom the 
time of Hipparchus and, consequently, the annual precession, 
would, necessarily, be less than it ought to be. Ptolemy ascnbed 
the retrogradation of the equinoctial points to a movement in 
the eighth sphere and, in the Almagest he informs us that, to 
represent this sphere, he had made a globe on the surface of 
which he marked the stars with ditfeient colours according to 
their magnitudes, on a dark ground ; the ecliptic he says was 
traced upon it, and the graduations commenced from the circle of 
longitude passing through Sinus. This globe must have been 
intended for papular use, and the manner of placing the zero 
of the longitudes seems to have had some relation to the com- 
mencement of the agricultural year : in his catalogue of stars the 
longitudes axe reckoned from the vernal equinox. 

In speaking of the earth, Ptolemy repeats the arguments used 
long before his time to prove its form, he infeis its convexity 
from the fact that, when a ship recedes from a spectator on the 
shoie, the top of the mast appears to descend tiU it gets below 
the circle bounding his view, and its sphericity is demonstrated 
from the magnitudes of the circles which the stars describe by 
their diurnal motion: he shews that these circles are different 
from those which would be observed if the earth had been a 
plane surface or a polyhedral body , and he adds that the circle 
and sjDhere are the most proper figures for motion because they 
contain, respectively, the greatest area and sohdity within a given 
perimeter and superficies. Ptolemy afterwards contends that the 
earth is at the centre of the universe, compared with which, he 
says, it IS but a point , he denies the possibility of its having a 
movement of translation or rotation because, he observes, all the 
bodies on its surface would be thrown from it into space ; and 
it would follow, he thinks, that no cloud, bird or projected body 
could advance towaids the east because it would be left behind 
Lib. YIII. Cap. 3. 
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by the superior velocity of the earth in the same direction. It 
IS remarkable that this opinion should have so long prevailed 
among the ancients, for it could hardly have escaped observa- 
tion that, when a ship is sailing, even with the utmost rapidity; 
the motion of any object thrown from the hand of a person on 
board is neither retarded when m the same diiection as that of 
the ship’s motion, nor accelerated when in the contrary direction; 
and the reason is that the original impulse is compounded of the 
projectile force and that resulting from the movement of the ship 
and, theiefore, relatively to the ship, a projected body moves as 
if the ship were at rest* the composition and resolution of 
motions may not have been understood in those days, but 
the circumstance above related must have been known, and 
it would be very natural to infer that the paths of bodies 
pi ejected from the earth were, in like manner, unaffected by its 
motion. Ptolemy, moreover, alleges, in support of his opinion 
of the quiescence of the earth, that it would be contrary to na- 
ture for such a heavy body as the latter to be endowed with 
motion, and the celestial bodies be at rest , though he grants 
that a movement of rotation in the earth would facilitate the ex- 
planation of many celestial phenomena. The same philosopher, 
or his commentator Theon, seems to admit the existence of Anti- 
podes for, in speaking of certain phenomena of the heavens, the 
latter shews how they would be modified with legard to a people 
so situated. 

In the first book of the Almagest Ptolemy gives the result of 
his researches on the subject of the obliquity of the ecliptic to 
the equator of the earth, an element admitting of determination 
from the simplest observations which enter into the practice of 
astionomy ; and it appears that, like Eratosthenes, he ascertained 
the double obliquity by taking the difference between the ob- 
served zenith distances of the sun on the days of the summer 
and winter solstices : he makes ’this difference equal to some- 
thing between 47f degrees and 47| degrees, a mean of which is 
47° 42' 30", differing scarcely 10 seconds from the quantity 
found by Eratosthenes ; though from what we now know of the 
progressive diminution of that obliquity, the difference, in the 
interval between the times of the two astronomers, should have 
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been equal to about 2 J minutes ; it is easy, however, to conceive 
that so small a quantity would be incapable of detection by such 
instruments as Ptolemy describes ; this uncertainty is, conse- 
quently, excusable, but it is very remarkable that he should have 
committed an error of about 15 minutes in the zenith distance 
of the sun, on the occasion of deteimining the latitude of Alex- 
andiia, which he.makes equal to 30' 58" north, whereas it is now 
known to be BV 13' , and this cify, being his place of observation, 
should have had its geographical position determined with the 
utmost possible accuracy because of the frequency with which 
that element enters into his astronomical computations The 
greatness of the error seems to justify the opinion that, whatever 
might be the merits of Ptolemy as a discoverer and calculator, 
.he has small claim to that of an accurate observei , indeed it is 
piobable enough that he did not much attend to this pait of the 
science and, even, that he firequently used without enquiry the 
results of observations which had been made by other persons, 
perhaps, pieviously to his own time. 

The duration of the tropical year, or the interval between the 
times of the sun’s retmTi to the same equinox or solstice, is the 
next element of importance m astronomy, and Ptolemy immedi- 
ately pioceeds to ascertain it oi, lather, to veiify the determin- 
ations of Hipparchus with respect to it. The method he puisnes 
IS the same as that employed by the latter astronomer, one of 
whose observations he makes use of foi the purpose ; this is the 
time of the arrival of the sun at the vernal equinox in the thirty- 
second year of the third Calippic period, corresponding to the 
year 178 from the death of Alexander, or the' year 145 before 
Christ, in the morning, (probably at suniise) of the twenty-seventh 
day of the month Mechii, which is the sixth of the Egyptian 
year , and he compares this observation with one of the same 
kind made by himself in the year 463 from the death of Alexan- 
der, at an hour after noon on the seventh day of the month 
Pachou, which is the ninth of the Egyptian year. Now the 
year consisting of 365 days exactly, and being divided into twelve 
months, of thirty days each, besides the five epagomenge, or com- 
plementary days, and the day commencing at noon, we have, 
for the time of the equinox observed by Hippaichus, reckoning 
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from the death of Alexander, 178 years, 176 days and 18 'hours, 
and for the time of that observed hy Ptolemy, reckoning from 
the same epoch, 463 years, 247 days, 1 hour, so that the interval, 
in years of 365 days each, is 286 years, 70 days, 7 hours ; there- 
fore, dividing the 70 days, 7 houts, or 70.291667 days, by 285, 
the complete number of years, the quotient is 0.246638 day., 
and the length of the year is equal to 365.246638 days, which is 
the same as that assigned by Hipparchus, and differs from the 
truth by about 6 minutes m excess. Ptolemy obtains the same 
result from a comparison of another equmox observed by Hip- 
parchus with one observed by himself; and, again, from a com- 
parison of the time of a solstice observed by Meton and Eucte- 
mon, at Athens, in the year 316 of Nabonasser (431 years Before 
'Christ) with one observed by himself m the year 463 from the 
death of Alexander (the year 140 of our era) ; but this exact 
agreement in the three results has excited a suspicion of the 
•reality of the observations wluch is, certainly, better founded 
than that relatmg to las observations on the fixed stars. For 
it is remarked by Bailly that an error of six minutes in the 
length of the tropical year resultmg from a comparison of 
observations distant from each other in time as much as 285 
years, corresponds to an error of 15 hours in the time of each 
equinox ; hut he considers that so great an error is not likely to 
have occurred in any actual observation, since the time .of the 
arrival of the sun at the equinox can, always, be estimated within 
SIX hours; and he, thercfoie, concludes that Ptolemy had, while 
pretending to -venfy it, only repeated the determination ©f Hip- 
parchus Both astronomers differ but httle from the modems in 
the length they assign to the sidereal year. 

Dividing 360 degrees hy the length of the tropical year above 
found, Ptolemy obtained the mean daily motion of the sun ’ 
and, hence, computed a table of the mean movements for years, 
months, days and hours. The epoch is fixed at the first year of 
Nabonasser, which coincides with the year 747 before 'Chn^. 

Ptolemy professes “ to adopt the ideas of Plato respecting the 
circular and uniform movements of the sun, moonnnd .jdanets ' 
and he considers that the apparent variations from that uniform- 
ity are caused by the positions of the circles composing those 
^ Almagest, Jldb IX. Cap. 2. 
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spheres which, he observes, the imagination has conceived in 
the heavens: an expression proving that he did not understand 
the planetaiy spheres to he material, as has been frequently 
supposed; and though, in another place, he says the spheies 
perform their revolutions in directions contrary to that of the 
fixed stars and about different poles, it is still probable that he 
considered such poles and sphere^ to have but an hypothetical 
existence. Ptolemy adds that the variations in the planetary 
movements may be explained either by the system of epicycles, 
or by that of eccentiic orbits, but, in his investigations, he has 
invariably combined the two. 

The solar theory, as exhibited by Ptolemy, appearing to be 
identical, in the values of the elements and, probably, in the 
mode of investigating them, with that previously proposed 
by Hipparchus, we have considered it proper to give the ex- 
planation of this theory in our account of the works of that 
great astronomer; and we have now merely to observe, that 
neither Hipparchus nor Ptolemy take any notice of the move- 
ment of the solar apogeum in space ; it would seem, therefore, 
that both of them supposed it to have always the same position 
with respect to the fixed stars, which would imply that it had a 
motion equal, and in a contrary direction, to that of the equi- 
noctial points. Now the movement of the apogeum in one year 
is known to be about 62 seconds in that contrary direction; 
consequently it moves foiward, or from west to east, 12 seconds 
in the same time, with respect to the fixed stars ; and, in the 
interval which had elapsed between the times of Hipparchus 
and Ptolemy, the apogeum must have advanced in longitude 
about 48|- minutes, which, necessarily, vitiates the values as- 
signed by Ptolemy to the sun’s anomaly : and, as a comparison 
of the place of the sun given by the tables, for any particular 
time, with the place found by observation at the same time, 
would have shewn the errors of the tables ; it is evident that the 
astronomers of that day must have neglected to verify the theory 
by making such comparisons, or must have disregarded the differ- 
ences which they may have detected. When, 1^ the solar theory, 
the sun’s daily longitude could be ascertained by computation; 
the obliqmty of the ecliptic to the equator having been also foutid, 
as we have shewn; the rules of spherical trigonometry, which 
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were known in the times of Hippaxchus and Ptolemy, enabled 
those astronomers to calculate, also, the sun’s daily right ascen- 
sion and declination , and these three elements probably entered 
into the first ephemendes which were pubhshed. 

The length of the apparent astronomical day and the causes 
of its variations are supposed, as we have observed, to have been 
•well known to Hipparchus ; but Ptolemy appears to have been 
the first who formed a table of those vaiiations for the purpose 
of readily reducing any given interval expressed in apparent, to 
the value of the same interval in mean solar time, or the converse. 
He adopts, for the length of a mean solar day, the time in which 
a point of the celestial equator would revolve about the earth, 
through the entire circumference of a circle and as much more 
as is equal to an arc which measures the sun’s mean daily mo- 
tion in right ascension, or in longitude ; and he shews that the 
true solar day is equal to the time in which the sun x evolves 
about the earth through the cncumfeience of a circle and as 
much moie as is equal to an arc which measures the sun’s true 
movement m right ascension in the interval ; evidently therefore, 
the difference between the true daily motion of the sun in right 
ascension, for a given day, and the mean daily motion either 
in longitude or in right ascension, must be the difference between 
the lengths of the apparent and mean solar days ; and these be- 
ing found for every day of the year, by continual addition the 
'table of the daily equation of time was formed. It is not likely 
that this important element should have escaped the notice of so 
acute a philosopher as Hipparchus ; and, as Delambre observes, 
since Ptolemy no where mentions that the former had neglected 
to apply the correction in his researches, there can be no doubt 
that he was fully acquainted with its cause and the rule by 
which it might bo computed. 

In the fourth book of the Almagest, Ptolemy explains the 
ttheory of the moon, a subject which has always presented great 
difficulties to astronomers, from the many perturbating causes 
which have sensible effects on her movements, and which, till 
lately, were very imperfectly known. We have shewn that Hip- 
parchus had determined the radius of the moon’s epicycle or, 
.as we should call it, the eccentricity of her orbit, the maximum 

s 2 
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equation of her centre and the place of her apogeum, all which 
elements were then considered as constant quantities : with the 
knowledge of these, and of the sev^eral mean movements of the 
Moon, Ptolemy determined that, at the epoch of Nabonasser, 
which is fixed at the noon of the fiist day of October in the 
year 747 Before Christ, the moon’s longitude was 1® 11° 22 '; 
her anomaly, 8® 28® 49' ; the difieience of longitude between 
the sun and moon, 2® 10' 37", and the place of the ascending 
node, 10® 24® 23'. These elements constituted the basis of the 
lunar tables then in use, and they seem to have been determined 
entirely from the data furnished by the researches of Hipparchus, 
though it may be that Ptolemy had veiified or corrected by new 
comparisons the results established by the former astronomer : 
'on one occasion, however, he has not been fortunate, for, com- 
paring an eclipse observed at Babylon in the year 491 Before 
'Christ with one said to have been observed by himself above 
’615 years later, the moon being, at both times, at equal distances 
from the opposite nodes, he has deduced a value of the mean 
diurnal motion with respect to the nodes differing from that given 
by Hipparchus and, in consequence, he has apphed a conection 
to that motion which increases the error previously existing. 

The equation of the moon’s centre or, as it is also called, the 
principal inequality of the moon, was ascertained, as we have 
shewn, by comparing the mean place of that lundnary with its 
true place at the time of an echpse ; and the conection so found 
was probably considered by Hipparchus to hold good when the 
moon IS m any situation with respect to the sun ; but we are 
indebted to Ptolemy for the discovery of the fact that it is only 
applicable when she is in syzygy.; he perceived that, then, her 
place, found by direct observation, agreed very nearly with that 
obtained from the tables, the error being only such as might, 
wifh 'great appearance of probability, be ascribed to the imper- 
fection of the instruments or to some uncertainty in the value of 
the moon’s parallax : it might have been remarked, also, that the 
observed and calculated places agreed nearly when the moon 
was dichotomised, provided she were in the apogeum or pe- 
rigeum of the epicycle, because there is, then, no equation of 
the CQotre ; but in every other situation of the moon, the places 
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differed, and Ptolemy found the error to be the greatest when 
the moon was in quadrature upon the epicycle ; that is, when 
her anomaly was about 90 degrees : the observed longitude was 
less than that given by the tables when the prostapheresis, or 
the former equation, was subtractive, and greater, when additive; 
and he found that the error was nearly proportional to the equa- 
,tion itself. Hence Ptolemy, in order to explain this second 
inequality of motion, was led to suggest the following modifica- 
tion of the lunar system. 

He supposes e (Plate II. fig 4) to be the earth or centre of 
the universe ; about E as a centre he imagines a circle, c c' c", to 
be described on whose circumference moves, in retrograde order, 
or according to the order of those accented letters, the centre of 
another circle called the eccentric, having its radius equal to the 
mean distance of the moon from the earth , let a t >' be one posi- 
tion of this circle and a' d another ; and, on the circumference of 
the eccentric let the centre of the epicycle move in direct order, 
or firom a towards n'. Now, m consequence of the movement 
of the centre of the eccentric, the apogeum, A,«of the same 
eccentric, moves in retrograde order, or from a towards n, as if 
it moved upon the circumference of a circle imagined to pass 
through A, B and g, and having E for its centre ; and the centre 
of the epicycle seems to move upon the periphery of an oval 
figure, as a a ! g. 

The sun, s, is supposed to revolve about E with his proper 
motion, in direct order ; the moon, to revolve m her epicycle, in 
the same manner with her mean anomalistic velocity ; and the 
mean syzygies take place whenever the centre of the epicycfe is 
in the line joining e and s ; now the daily movement of the 
apogeum of the eccentric, from a towards B, is supposed to be 
equal to 11° 12'; and the motion of the centre of the epicycle is 
supposed to be 13° 11' daily (the mean daily motion of the moon 
in longitude) from A towards B' ; hence, the sum of these move- 
ments is a daily angular velocity about e, equal to 24° 23', by 
which the centre of the epicycle recedes from the apogeum of 
the eccentric, and this is equal to twice the mean synodical 
movement of the moon . therefore the excess of the velocity of 
the centre of the epicycle above that of the apogeum of the 
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eccentric will, in half a synodical revolution of the moon, cause 
these points to come in conjunction, so that a line joining them 
will pass through the earth : and if the sun was in the direction 
of the same two points, as at s, at the commencement of the 
motion, it will again Be in a line drawn through them, as at s , 
at tlie end of tiiat time ; the angle s E s' being equal to that de- 
scribed by the sun in tiie said half synodical revolution. In like 
manner, the apogeum of the eccentric, the centre of the epicycle 
(or the mean place of the moon) and the sun, will be in a line 
passing through the earth at the end of a ccunpletc synodical 
revolution of the moon. By this hypothesis the centre of the 
epicycle is always brought to the apogciun ot the moveable 
eccentric, that is to the same distance from the earth at the 
times of syssygy , and this being the constant distance supposed 
by Hipparchus, it follows that the equation of the moon s centre 
iS) then, the same as he made it, whatever part of her epicycle 
the moon be in ; and if she be at the quadrature of the epicycle, 
as at ; that is, if her anomaly be 90 degrees, tbe equation in 
that position ••of the epicycle, is the gTcatest, and it was found, 
by tlic last mentioned astronomer, to be equal to 4*=* 59' 2", as 
we have shewn, tiiough Ptolemy malccs it 5° 1'. 

But in the same hypothesis, at the times of syzygy, the moon 
in her epicycle is always in the line joining the sun and emth, 
or in that line produced ; the ma]or axis A o of the oval figure 
aa'o IB always directed, either accurately ex’ nearly, to the sun, 
at the same time ; and, hence, we may suppose that figure to 
revolve about E with a movement equal to that of the sun : it 
follows that the moon, at the time she is dichotomised is, in 
some part ol her epicycle, cither accurately or nearly in a line, 
as X V, passing through B at light angles to the position of the 
axis at that time ; therefore the radius of her epicycle will then 
subtend a greater angle, at the eartii, than when its centre is in 
any otlier part of the oval i and if the moon s anomaly bo 90 
degrees at that time, or she be in quadrature on her epicycle, os 
at M', the value of that angle is a maximum, and Ptolemy, by a 
Comparison of the moon’s observed longiiudc, when in that 
situation, with her mean longitude, found it equal to 7*=^ 40'. 
But it is evident that if the moon, thus dichotomised, were in the 
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apogeum or perigeum of the epicycle, as at N or n', her true 
longitude should coincide with her mean longitude, which is 
that of the centee of the epicycle, and there ought to be no 
equation, as was observed above. 

A moan of the above two greatest equations of the moon’s 
centre, at M and m', is equal to 6° 20' 30" : this may be considered 
as the mean equation and it approaches very near the value 
assigned to this element by modem astronomers, who make it 
equal to 6° 18'. The difference between this mean equation 
and the greatest above mentioned is 1° 19' 80", which constitutes 
the mean value of the second inequahty in the moon’s motion. 
To this inequality the name of evection was subsequently given, 
in the modem astronomy its mean value is made equal to 1° 20', 
which is remarkably near the ancient determination of that 
clement. 

'Xhe computation of the diameters of the homocentnc and 
eccentric circles, and of the epicycle is, now, sufficiently easy. 
Ptolemy supposes E (Plate 11. fig. 3) to be tlie earth, a and x to 
be the centi'cs of the epicycles when in the apogeum and peri- 
geum, icspcctively, of the oval figure; and Am and xn, which 
are equal to one anoUier, to be radii of the epicycles ; then, as 
above, we have Z.AEm=5° 1', Z.XEn=7° 40', and the angles 
at m and n arc right angles : hence, assuming b a, the distance 
of the caith from the apogeum of the eccentric, to be unity, it 
will bo found that the radius of the epicycle is 0 08715, and that 
B X equals 0.6533 ; therefore the diameter of the eccentric is 
1.6533, and its radius, 0.8266; also, c being the centre of the 
eccentric, wo obtain b o, equal to 0.1734, which is the radius of 
ilie homoccntric circle, or that whose circumference is described 
by the centre of the eccentric about the earth. If we assume 
c A, (fig. 4,) the radius of the eccentric, or the mean distance of 
the moon from the earth, > to bo unity, we shall have, for the 
radius A M, of the epicycle, 0.1055, and for e c, that of the homo- 
centric, 0.2098 ; which is, therefore, nearly double the radius of 
the epicycle. 

Ill finding the difference between tlie mean and apparent 
places of die moon from observation, that is, the angle at the 
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earth between the centre of the epicycle and the place of the 
moon in its epicycle, Ptolemy obtains, from astronomical tables, 
the angular distance between the mean longitude of the moon 
and the true longrtnde of the sun for the given time, and adds- 
or subtracts the elongation in longitude, of the moou' from the 
sun, found by observation with the astrolabe , by these means he^ 
gets the angular distance in longitude between the mean and. 
true places, of the moon, which includes both the equation of 
the centre and the evection. To find the place of the mean, 
apogeum on the epicycle, he draws a line through the earth E, 
and o', the centre of the eccentric ; then from the point c'", 
where this hne intersects the homocentnc on the opposite side, 
he draws, another Ime through a', the centre of the epicycle, the 
point n will be fiie-mean apogeum, required; that is, the point 
fi:om whence the mean anomaly is to be reckoned. The appa- 
rent apogeum of the epicycle is at the pmnt n', where a line 
from E drawn through the cenfre of the epicycle cuts the 
opposite part of the ciicumference. 

Ptolemy asserts that he had computed the second inequality 
from an observation made by Hipparchus, and had found it 
equal .to that whichp he had obtained from his own ; it is, there- 
fore, evident that Hipparchus must have determmed the place* 
of the moon when not in syzygy by observations duectly’ made- 
with the astrolabe and, consequently, it is possible that he 
might have been aware of the existence of this inequality of the 
moon ^movement though we have no account that he had deter- 
mined its value. 

The theory above described served'to determine the true place* 
of the moon, at a given time, nearly within the limits of the 
errors of the ancient observations, but any results* obtained fixun* 
it would be fax from according with those* of the present day. 
No new equation was, however, discovered, perhaps the ne- 
cessity for such was not felt, till the time of Tycho Brahe who, 
to the two former, added a third, which is at its maximum at 
the time the moon is in either of the octants (when it may 
amount to about 36 minutes) and is mill both in syzvKV and 
cgu{ulratur,e.. 
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Ptolemy appears to have made som»e efforts to find the moon’s 
parallax by computing her zenith distance at a given time, when 
she would be on the meridian, and comparing it with the 
zenith distance actually observed at that time : but two such 
comparisons gave, for the horizontal parallaxes, 22' 28" and 
68' SB", both erroneous, and it is evident that the method must 
have afforded very nnceilain results, but, having found the 
distance of the moon w’'hon m apogco, from the cailhy probably 
by the method we have explained in Chap. X., to be 64-^ semi- 
diametcr of the latter, the resulting parallax must have been 
about 53' 30", which is near the truth. He aftcrwaids attempts 
tlie distance of the sun from the earth by the method explained 
in that chapter, supposing the visible seim-diameter of the sun 
and moon to be, each, equal to 15' 40" and the semi -diameter 
of the earth’s shadow in the region of the moon, when the latter 
was eclipsed in apogee, to be 2xV of her scmi-diametcis, and he 
finds it equal to 1210 semi -diameters of the earth, which is as 
far from the tiuth as the distance found by Aristarchus : by 
modem obscivations that distance is equal to 23984 semi- 
di^metcrs of the earth. 

Had Ptolemy been able to detect by his instruments, with any 
accuracy, the variations of the moon’fe apparent diameter dumig 
one periodical revolution, he would certainly, on comparing 
them with the vaiiations which according to his theory take 
place in her distance from the caith during the same period, 
have discovered that the theory w’-as entirely at variance with 
nature ; inasmuch as his distances aie not inversely proportional 
to the apparent diameters which, by a law of optics, they ought 
to be ^ tins law'’ was well known to Ptolemy but the uncertainty 
of his observations probably caused him to remain in happy 
ignorance of a discrepancy which would have entirely subverted 
the edifice ho liad, with so much skill and labour, raised upon 
the foundations laid by Apollonius and Hipparchus. And it is 
remarkable th^t no comparison of that kind seems to have been 
attempted till the sixteenth century, when Kepler, by means of 
the law just mentioned, discovered that the orbits of the moon 
and sun were elliptical. It is, besides, worthy of observation 
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that no mention is made by any of the Greek astronomers of an 
annular eclipse of the sun ; and, m fact, such a phenomenon 
would he incompatible with the determination of Ptolemy that 
the moon’s apparent diameter, in apogeo, when it should be the 
least, is equal to that of the sun ; yet we cannot suppose that 
annular echpses had not been observed by the Chaldeans or 
Greeks, and the silence of the ancients on this subject is quite 
inexplicable. 
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CHAPTER XIII. 

PTOLEMY’S PLANETARY THEORY. 

Conditions required in investigating the orbits of tbe planets — Determina- 
tion of tlie orbits of the supei lor and infenoi planets — Investigation of the 
latitudes of the planets — Impel fection and complexity of the system of 
Ptolemy — The infeuor planets supposed by Pliny and Vitruvius to revolve 
about the sun. — Hypothesis of Vitiuvius conceuiing solar attraction.*— Se- 
neca’s observation on the probable improvement of astronomy. 


In the ninth book of the Almagest, Ptolemy enters upon the 
theory of tlie planets which, as he has delivered it, consists 
in a combination of the pieccdmg theories of the sun and moon, 
with some further modifications foi Mercury. He informs us 
that the observations made by the more ancient astronomers 
were of tlircc kinds; tlie times of their stationary appearances; 
of tlicir risings and settings; and of thoir appulses to the moon; 
and he points out the inaccuracies to which they are subject : 
ho remarks that the first kind of observation is uncertain be- 
cause the slowness of a planet’s motion, when nearly stationary, 
docs not permit the time to be marked with precision ; ho shews 
that the risings and settings of stars arc affected by a serious 
cause of error arising from the impossibility of seeing them 
when th6y arc exactly in the hoiizon, and from the apparent aug- 
mentation of their distances which then takes place, and which 
he attnbutes to the vapours of the earth ; and, lastly, he ob- 
serves that tbe phenomena of the appulses do not, from the ^ 
errors in the computed place' of the moon, afford means of de- 
termining the positions of the planets with sufficient correctness. 
On all these accounts it is evident that direct observations of the 
planets by means of the astrolabe are to bo preferred ; and from 
such, were tho data obtained by which Ptolemy computes the 
elements of the orbits In speaking of the apparent situations 
of celestial bodies when near the horizon, if is remarkable that 
this astronomer does not mention the refraction of hght as a 
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cause of the augmentations of their altitudes, and distances from 
each other, and it is probable that, at the time of writing the 
Almagest, he had not made the discovery of the effect of the atmo- 
sphere in changing the directions of the rays of light, which, 
however, he must have found out soon afterwards, for he has 
introduced an account of the phenomena resulting from it, m 
his treatise on Optics, which, fortunately, is still in existence 

In the theory now to be described he supposes that the earth 
is at rest in the centre of the universe ; that the planets, and the 
sun as one of them, revolve about it, he consideis Mars, Ju- 
piter and Saturn to be more remote from the earth than the sun 
is, but he observes, as we have before stated, that there were 
two opinions concerning the positions of Mcrcuiy and Venus, 
the more ancient philosopheis supposing them to be situated 
between the earth and the sun and to revolve about the former 
while some, of later times, placed them beyond the sun with 
respect to the earth; and the first opinion is that which ho 
adopts in his rcseatches. He assumes the truth of the Aristo- 
telian doctrine that the celestial motions are uniform and cir- 
cular; but he observes that the movements of a planet cannot 
be explained, either on the hypothesis of a simple eccentric 
orbit, or on that of an epicycle moving upon a homoccntric 
deferent, which probably constituted the theories of Apollo- 
nius and Hipparchus, and the following is an outline of the 
manner in which he has combined the two hypotheses, to satisfy 
the phenomena as far as they had then been observed. 

Let E (Plate II. fig. 2.) be the centre of the earth and of the 
universe ; and upon any line, as a p, take e c equal to the eccen- 
tricity of the planet’s oibit; a distance con-esponding to E c in 
the preceding description of the system of the moon. Bisect 
E c in z and about z as a centre describe the circle amp which 
is that called the eccentric and which, in the solar theory, 
would be that on whose circumference the sun moves. The 
centre m of the epicycle l V V' moves on the circumference of 
this circle, and z is called the centre of mean, or constant dis- 
tances, for M z is equal to the mean distance of the planet from 
the earth. The planet, if superior, moves on its epicycle in 
direct order, or from V towards T, if infenoi, m retrograde order, 
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•or from V' towards t ; but the motion of the centre of the epi- 
cycle is always direct, or from a towards M. The angle a c m is 
always produced by the mean movement of the planet , or the 
movement of the centre M, of the epicycle is such that, when 
seen from c, it appears equal to the planet’s mean motion in 
longitude , hence c was called the centre of mean or equable 
movements, and a circle, as h t z, desciibed about c as a centro 
with any radius was called the equant, because the point t, in 
the line cm, would appear from c to desciibe its circumference 
with uniform motion. The above description will serve for all 
the planets, supeiior and inferior, except Mercmy, in whose 
system, z, the centre of the eccentric and of mean distances, 
moves upon the circumference of a circle described about c as a 
centre with a radius equal to c z, the half occentncity ; just as, 
in the moon’s orbit, the ccntie of the cccentiic moves upon a 
ciicle described about e as a centre. 

The line A c e p is the line of the apsides of the eccentric 
circle , it was not considcicd as stationary m space but as 
having an angular movement about E with a velocity equal to ' 
tliat of the precession; lmc is the line of the apsides of the 
epicycle, and this tends constandy towards c for all the planets 
except Mercury. Now let a circle be described abotit E as a 
centre, with any radius, to represent the orbit of a fictitious sun^ 
and on its circumference let such a sun be supposed to move 
unifonnly with the mean motion of the real sun , then, as was 
shewn in the tenth chapter, the mean relative motion of the 
planet, or that performed in its epicycle with respect to the sun, 
being equal to the difference between the mean motion of the 
sun and that of the planet in longitude, if we suppose S' to be 
the place of tlic fictitious sun when the planet is at and in 
opposition, s' wdll be its place at the next time of opposition 
when the planet will be at v' ; it must be observed, however, 
that E is not supposed to be the centre of the mean movements 
in the solar orbit, but die error ansing from so considering it, is 
by Ptolemy disregarded m the planetary theory. The angles 
EMC and E M' C constitute, for the points M and m' respectively, 
what was called the anomaly of the eccentric, the planet’s 
zodiacal, or proper, or first inequality, or the equation of the 
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centre ; and this element corresponds to that, to \Yhich in the 
solar theory, the latter denomination was applied , the second 
inequality was supposed to depend upon the position of the 
planet in its epicycle, and was expressed by the variable angle 
M' E R, the planet being supposed at R. 

The raean tropical revolution of a planet, and the mean re- 
volution in its epicycle had been well ascertained, as we have 
shewn, before the time of Ptolemy, and the ancient values of 
tliese elements differ but little from those assigned to them in 
the modern tables : we cannot, however, say so much of the 
equations by which the mean, were icduced to the apparent 
movements, since the erroneous theory of the Greeks but badly 
represented the laws of the variations of planetary motion 
between the peiiods m which their inequalities arc compensated ; 
yet it will be both interesting and useful to shew in what manner 
Ptolemy determined the elements of the orbits of the planets on 
the hypothesis which has been just explained. For this pur- 
pose, it must be supposed that, besides a knowledge of the mean 
movements above mentioned, he possessed registers of many 
observed longitudes and latitudes of the planets at, or near, the 
times of the opposition of the superior, and the greatest elonga- 
tions of the inferior planets with respect to the sun ; and, from 
these, by the help of a table shewing the mean solar movements, 
he was enabled to ascertain the apparent places of the planets 
.at the moments when those places were in opposition with the 
mean places of the sun. With these elements, by the lulcs of 
trigonometry, he found, as we shall explain, the places of the 
apogea, the eccentricity, the radii of the epicycles and the equa- 
tions of the centres. The opposition of the true longitude of a 
planet to the mean longitude of the sun is made use of by 
Ptolemy because the planet, in this situation, is, according to 
Ms hypothesis, at the extremity of its epicycle, passing through 
ithe earth , and the second inequality, or that depending on the 
place of the planet in its epicycle, is, consequently, null It 
may be observed here that, in the modern astronomy, the op- 
positions and conjunctions of the planets with the sun are, also, 
gener^dly employed for investigating the elements of their 
motions in order to avoid the inequality caused by the distance 



XIII.] 


ptolemy!s planetary theory. 


271 


of the earth from the centre of the system ; but the oppositions 
or conjunctions are those of the true geocentric longitudes of 
both sun and planet. 

The data employed by Ptolemy in investigating the orbit of 
Mars were three longitudes of that planet observed by himself 
in the fifteenth and nineteenth years of Adrian and in the second 
year of Antoninus, when the apparent places of the planet were 
in opposition to the mean places of the sun. These longitudes 
were 2* 21®, 4® 48° 50' and 8® 2° 34' respectively, and the in- 
tervals of time were 1530.8333 days, and 1557 0417 days; the 
mean movements of the planet in the two intervals, according 
to the tables and rejecting entire circumferences, were 81° 44', 
and 95° 28', respectively, while the observed movements, by 
taking the differences between the above observed places, were 
67° 50' and 93° 44'. Now let E (Plate III. fig. 1) be the earth, 
and be the three observed places of Mais, in the circle 

of mean distances whose centre is z, consequently w’e have 
Zmem'= 67° 50' and m'em"=: 93° 44' as above: let c be the 
centre of mean movements and describe the circle mm'm" about 
0 as a centre with a radius equal to that of the circle of mean 
distances; draw OMm, CM^m', CM"m"; then m,m'',m" become 
the places of Mars calculated by his mean movements, so that 
/.mcm'= 81° 44' and Z.m'cm"=:95° 28' as above; and let it 
be required to find the eccentricity e c and the position A p of 
the line of the apsides. To obtain these, Ptolemy assumes, as 
known, the length of a line e p, drawn through e and m", one of 
the mean places of the planet in the circle of mean movements; 
and, from this, with the given angles, he computes trigonometn- 
cally the value of the radius of the circle of mean distances and, 
subsequently, the value of the eccentricity in terms of that radius : 
from the same data he gets the angle made by the line of the 
apsides with a line drawn from c to one of the observed places 
of the planet, by which, and the observed longitude of that 
point, the longitude of the perigeum is determined. 

The details of the investigation are as follow. The angles 
m e m', m' b m" do not differ much from M e m', m' e m" ; there- 
fore, as a first approximation, Ptolemy supposes them equal, 
and he produces m" e to p , the A m e p may be considered as 
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tlie sixpplcmeut of the sum of the two obHorvod angles, and 
tluTcforc, as eciual to 18' 26'; conso(iu<>jilly L m' K p is equal to 
HB*' !()'; next L mem" = 177 " ilie mm of the mean inter- 

valH, and its half, wliicli is tlio angle m pin", is equal to 88° 8«'; 
also Zmcm'= 81“ 44', tlic fust juean interval, and its lialf, 
or Z TO p m',=:40'’ 52'; consequently Z nx'p k=: 47'’ 44' and 
Z K tn' p=46°. Then, assxuning Kp to bo unity, 
in tbc triangle xa! E p, wo have E p = 1 and all tbc angles ; 

to find TO' p [=1-38713]; 
in tbc triangle m E p, xvo bare n p= 1 and all tlic angles ; 

to find mp [=0 33071], and 

iix tiro triairglc to'to]), wc bare m'p,TO p and Z nrp nr ; 

to find Z in m' ]) [ = 10 ’ 46' 26" j the dou- 
ble ofwbicb, or Z TOC p, is equal to 21" 32 52'. Dut to lind Ep 
in terms of the radius of tbc circle in nr in ', inalcc that radius 
equal to unity ; then, because Z to' c p is known, being equal to 
tbc sum of the angles to' cm and uicp; iu fiic isosceles tri- 
angle m'op, we have cra'andcp, each equal to unity, and 
Z m'cp = 103" 16' 52"; to find m'p [=1-56826] : also, in tlio 
triangle in' e p, wo have to' p and all tbo angles ; to find 
Ep [=1-13052]. Now the sum of tbc angles ni' c in", lu'cni, 
TO c p is equal to 108" 44' 52", this taken tioin 360 braves tbo 
angle m"cp equal to 161" 15' 8"; bisect tlris angle by tlio 
line c N which, therefore, will bisect to p at right angles in N , 

tlicn in the triangle m"CNWcbavcCTO"=l, Z m" on = 80" 37' 34" 
and tire right angle at n; to find to"n, orNp, [=0t)8(>674] 
and ON [=0-16288]; whence en [=Kp--Np] is found to 
bo 0-14387, and fioin the right angled triangle c n e we can 
fmdCE [=0-217344]; this, consequently, is tlio value of the 
double eccentncity when tlic tneaii distance of Mars from the 
earth is equal to unity. Now die complement of the angh» K c N 
is equal toZCEN orZ m"Ei> which, for the present, may he 
•considered tbc same as tbo angle m" e I’ ; to tliis add 8* 2" 34' 
the observed longitude of M",aad we shall have 9‘ 21" 7' for the 
longitude of p, the pcrigouni of tlio eccentric ; hence the position 
of the line ap, of the apsides, is known approximaUvely. Tlie 
.same elements may tlien be rc-computod from the more correct 
data afforded by the preceding determinations, which depend 
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upon the cn*oneous assumption of the equalities of the angles 
m L m, M' E M and the angles m' e m", m' e : in the second 
appioximation Ptolemy concludes that the longitude of the peri- 
g(‘um of the orbit of Mars was then equal to 9® 26'^ 30' and that 
the cccentricityj c z or ZEy was 0*1, the mean distance being unity, 
l^tolemy afterwards computed the angular distance of the 
planet from the mean apogeum of the epicycle when not in op- 
])Osition with the sun, and with that, proceeded to find the 
raditis of the epicycle itself For this purpose he uses an obser- 
vation made three days after the last of the pieceding oppo- 
sitions, the mean longitude of the sun being 2® 5° 27', the 
observed longitude of Mars, determined by his distance from 
Spica Virginis, V 36', and the longitude of the peiigeum of 
the eccentric 9® 25° 30' as before found ; the difference between 
the last two quantities, which is 53° 54', gives the distance of 
Mars westward from the pengeum The true longitude of Mars 
at the time of the last opposition was 8® 2° 34', and the planet 
was then at V, on its ejiicycle , the mean place of the sun being 
supposed to be in the line m"e produced towards p Now the 
difference between the longitude of p, the pengeum, and of 
m", or V, is 52° 56', which is equal to the angle m" e p ; but the 
miglo m"CN, after the second correction is 81° 25'; therefore its 
complement, the angle c m" e is equal to 8° 35' or, as Ptolemy 
makes it, 8° 22', and this taken fromZ.m"EP leaves Z.m"cp 
e(pial to 44° 21', and its supplement, or Z. a cm", equal to 
135° 39', the mean distance of Mais from the apogeum of the 
eccentric at the time of the said opposition. By the mean 
daily motion of Mars in longitude, his movement in the three 
days since the opposition, is found to be 1° 32' , if, therefore, the 
angle m" c m'" be made equal to this quantity we shall have m'" 
for die place of the centre of the epicycle at the time of the pre- 
sent observation, and the angle a c m'" will be equal to 137° 11' 
next draw m'" e cutting this epicycle in V', then, by the planet’s 
mean daily motion in the epicycle, his movement in the three 
days is found to be 1° 21', and the angle V'm'"r being made 
equal to it, R becomes the place of the planet ; we have there- 
fore the arc v V'R equal to 181° 21', and firom this, taking what 
is called the anomaly of the eccentric which is the angle cm" e, 

T 
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(»r its lueasviro, tbo arc v v', [siipposotl to bo H' 'M' as above] tlic 
roniiuiubir 4(5'] is tbo value of tlio angle v' m'" u, tlu' dis- 

tiuiot' of tlic planet from tbo moan apogt'um ol the opioyclo. 
In iinding the ladras of tbo cincydo, tbo nu'an distanoo m "z is 
assnmod equal to unity ; tbon, in tbo triangb' (' m'" x, vvt! bave 
M"' z=l, (! X [tbo half eccentricity J =0-1 and L m'" e /-= b-2’ 4J)' ; 
to find tbo angle CM'" 5C [=3’ 63' 53"]; wbonco tbo angle kz m'" 
bocomos bnown [=40“ 42' 53"]; wo bave also Z,zm'"k 
[ = Z. CM'" E— Z. cm"'z] =4“ 2H' B"; and tbo angle vm'"v', 
which Ptolemy now makes equal to 8“ 22' 1", added to tbo angle 
V' M'" n 1 =172 ’ 4() ], gives, for the arc v V" it, IHl” B' 1" ; wbenco 
L V" M'" H= 1" B' 1". Now tbo sum of the angles m'" c k and 
c. M'" X is equal to Uic angle m'" z k [=4(5'’ 42' 53"J , and if again 
to this wo add ^zm'"e, Ibo sum [=51“ 11' l"j is equal to tbo 
angle, M'"Er; tins taken fromzli’nn [=53“ 41'] wliicb is the 
above mentioned distance of Mars from the perigeum of the ec- 
centric, gives the angle m'"bk [=2“ 42' 59 ] ; whence, by add- 
ing Z.'V"M'"ii, we have tbo suiiplcnicnt ofZ.M'"BE [=3“ 51']. 
Let fall Ea pciqioudicularly on M'"z; then z a [=0‘O()B0] may 
bo found in the trimigle zan, and wo shall bave M'"a=0-0311 : 
wherefore, in tbo triangle n a m'", wo obtain m'"h [=0 93421]. 
r^astly, in the. triangle m'"k h, wo luuo m'" k and the angles ; to 
find M'" II [=()'()5()38], the reiiuiiod radius of tbo epicycle ; but 
it lias been with justice observed that Ptolemy has chosen a 
very luifavourablc situation ot the ])lanet (or determining this 
cloniciit, on account of the smallness ol the angle m Iv k. Ily 
similar pioccsses the elements of the orbits of Jupiter and Sa- 
turn were found : be makes Ibeir occentrieities equal to 0'045H 
and 0'0542 respectively, and tbo radii of their ojiicycles 0-192 
and 0-105, tbo mean distances of the planets from Uio earth be- 
ing supposed c<iual to unity. Prom tbo theory of gravitation it 
is found that, in the age of IHolomy, tbo eccentricities of Mars, 
Jupiter and Saturn were 0-09183, 0-04552 and 0-06124 respec- 
tively ; the errors, therefore, arc not so great as might bo ex- 
pected. 

Ptolemy’s theory of tbo inferior planets is contained in tlu 
tenth book of tbe Almagest; and in the investigation of tbeii 
orbits be considers tbe conjunctions to be made by the equality 
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of tlic longitudes of the planet’s apparent place and the sun’s 
moan place, as in treating of the orbits of the superior planets : 
ho also considers that the centre of the epicycle of an inferior 
planet always coincides with the mean place of the sun at any 
given time, and that the apogeum of the eccentric represents the 
situation of the mean sun at the middle point of time between 
those at which the elongations of the planet from the mean 
place of the sun are equal to each othei but on opposite sides 
of the sun. 

Therefore to lix the position of the apogeum m the eccentric 
of V onus, it was only necessary to take from the registers of ob- 
siu'vations two longitudes of the planet of which one exceeded 
the moan longitude of the sun, found from the tables of the sun’s 
movements, as much as the other was deficient* but, by an ob- 
servation of the elder Theon in the twelfth year of Adrian, Pto- 
lemy finds the elongation of Venus wCvStwaid of the mean place 
of the sun to be 47^^ 32', when the latter was in 6® 17’ 52', and 
by an obseivation which he, himself, had made in the twenty- 
first year of Adrian, he finds the elongation eastward to be 
47^’ 32' when the sun’s mean longitude was 9® T 5' , the longi- 
tude of the middle f)Oint between those two places of the sun is 
evidently equal to 7® 25° nearly, and that of the opposite point, 
T 25° , and since the sun was nearly in apogeo when his mean 
longitude was V 25°, this point is to be considered as the apo- 
geuin of the eccentric circle of Venus, and the foimer as the 
perigeum. 

To obtain the cccentiicity and the radius of the epicycle, 
Ptolemy takes two observations ftom each of which the ex- 
treme elongations might bo obtained when the mean places of 
the sun were T 25° and 7® 25"^; that is, when the mean sun 
was m the apsides of the eccentric of Venus ; the fiist of these 
observations is in the thirteenth year of Adrian when, the mean 
sun being in apogeo, the extreme elongation ryas 44° 48' west- 
ward, and the second in the twenty-first year of Adnan when, 
the mean sun being in pengeo, the extreme elongation was 
47° 20', also westward * with these data he proceeds to investi- 
gate the elements in the following manner. Let a n p [Plate III. 
fig, 2.] be the eccentric circle of which z is the centre ; let, as 



276 


Ptolemy’s planetary theory. 


[chap. 


before, E be the caitb and c the centre of mean or uniform mo- 
tions ; then A and p will be the places of the apogeum and pc- 
ngenm respectively ; these points will also represent the mean 
places of the sun when in the apsides of the eccentric, and let 
it be observed that Ptolemy supposes this circle to be fixed in 
space, or that the line of the apsides is subject only to the motion 
of precession. Take V and V' to represent, at the two times of 
observation, the places of Yenus in the epicycle, which are 
where the tangents e V and e V' meet its circumference ; then 
since a V=:p V", we have, in the right angled triangles A V E and 
P V' E, A E : E p : • sin. Z. R E V' : sin Z. A E Y then, the half sum 
and half difference of these angles of elongation being known, 
as above, to be 46’ 4' and I'’ 16' respectively, we have, using 
the modern trigonometry to avoid the laborious processes of 
Ptolemy, 

tang. 46^ 4' . tang. 1° 16 '::ae- 1 -ep : ae— ep: 
whence, assuming az, the mean distance of Venus from 
the earth, to be unity, it will follow that a e -h E p = 2, 
and A E — E p=: 0*042606, which is equal to the double eccentri- 
city , therefore the eccentricity e z is 0 021303 : then also A V, or 
its equal p V' [ = 0 71965] maybe found from the triangle ae V. 
The radius of the epicycle of an inferior planet maybe considered 
as the mean distance ol that planet from the sun, and, for 
Venus, the value of tliis mean distance according to La Place is 
equal to 0 72333, which differs but little fiom the determination 
of Ptolemy ; the eccentricities, however, do not agiee so well, 
for, by the theoiy of gravitation, that of Venus was, in the age 
of Ptolemy, only equal to 0*00789, which is little more than one 
third of the value above obtained. 

In order to find the maximum equation of the centre, Ptolemy 
chose two observations, made when the elongation of Venus fiom 
the mean place of the sun was the greatest, and when the mean 
place of the sun was at 90 degrees from the apogeum of the 
planet’s eccentric ; that is, when his mean longitude was 10® 25° : 
the first of these was in the eighteenth year of Adrian, when the 
geocentric longitude of Venus was 9® 11° 25' and, consequently^ 
her elongation was 43° 35' westward, and the second was in the 
third year of Antoninus, when the geocentric longitude was 0® 13° 
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20', and, consequently, the elongation was 48° 20" eastward. At 
these times the centre of the epicycle must have been at the ex- 
tremity, N, of a line drawn through c, the centre of mean move- 
ments, perpendicularly to the line a p, of the apsides ; and v and 
v', at the points of contact of the lines E v and e v', must have 
been the places of the planet in the epicycle. Now let Q o be 
an arc of the celestial spheie, and let n be transferred to n' in 
that spheie by a line fiom c, then n' will represent the mean 
place of the sun in the same sphere ; also let v, n and v' be 
transfeired to o, to n'' and to Q, by lines from E, then these will 
be the apparent places of those points : the arcs of elongation in 
the celestial sphere^ are o n' and n' q respectively, and half the 
difference of these [=2° 22' 30"] is evidently equal to the arc 
n' n" which may be considered as the measure of the angle 
N' N N" or c N E, the equation required. 

It IS proper to lemaik here that Ptolemy corredfed the mean 
movement of Venus and the place of her apogeum by comparing 
a geocentiic longitude of the planet, observed by himself in the 
second year of Antoninus, with one observed by Timocharis in 
the thirteenth year of Ptolemy Philadelphus , the interval being 
409 years 167 days, during which time the planet had described 
225.93986 revolutions in the epicycle. Fiom hence he finds the 
mean daily motion m the epicycle to be 0 61608 degrees, which 
is rathci less than the value found by Hipparchus , and he, 
afteiwaids, deteimines the longitude of the apogeum for the 
epoch of Ins tables, which is the first year of Nabonasser, to be 
V 16° 10': the mean longitude of the planet is, of course, the 
same as that of the sun at the same peiiod. 

A process very similar to that employed in determining the 
orbit of Venus was adopted in investigating that of Mercury 
For fixing the longitude of the apogeum of the eccentric, Ptolemy 
selected two obscivations of the planet when the elongations 
from the mean place of the sun were equal but on opposite 
sides , one of these was made in the sixteenth and the other in 
the eighteenth year of Adrian, and at the first, by the distance 
of Mercury from a fixed star whose longitude was known, the 
apparent or geocentric longitude of the planet was found to be 
11« 1° , when, by the solar tables, the mean longitude of the sun 
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was 10® 9° 45'; the difference which was equal to 21° 15'andainaxi- 
rmiin, was the elongation of the planet eastward : at the second, 
Mercury s apparent longitude was found in the same manner to 
be 1® 18° 45', when the sun’s mean longitude was 2® 10° , the 
difference, which was also 21° 15', and a maximum, was the 
elongation westward : the middle point between the two mean 
places of die sun ; that is a point whose longitude was 0® 9° 52' 
was the required place of the apogeum of the planet’s eccentiic. 
By another pair of observations made m the fiist and fourth years 
of Antomnus the place of the apogeum was found to be in 0* 
10 15 ; and a mean between the two places thus determined 

gives 0® 10° 3' 45" for the longitude of the apogeum. 

In order to find the eccentricity and the ladius of Mercury’s 
epicycle, Ptolemy takes several obseivations made directly on 
the planet when the mean longitudes of the sun were the same 
as those of the apogeum and perigeum of the planet : two of 

these, which were madeby himself in thenineteenth year of Adrian, 

gave for the greatest elongation, in the first case 23" 5' eastward, 
and, in the other, 19' 3' westward; the sun’s mean longitudes 
being respectively 0® 11" 15' and 6® 9° 15': but two other ob- 
servations, made in the fourteenth year of Adrian and m the 
second of Antoninus, when the mean longitude of the sun was 
3® 10’ nearly, and, consequently, when the sun was at the dis- 
tance of a quadrant fiom the apsides of Mercury’s eccentnc, gave 
for the greatest elongations 26° 15' eastward, and 20" 15' west- 
ward, respectively , and Ptolemy takes a mean of these, or 23" 
15', foi the maximum elongation in both situations. Other ob- 
servations made when the mean sun was differently situated 
gave different elongations, which were not reconcileable with 
the hypothesis adopted for the orbit of Venus, and it seemed 
~ evident, eithei that the radius of Mercury’s epicycle was variable, 
or that the distance of its centre from the earth was subject to a 
change, mdependent of that arising from its motion on a simple 
eccentric. Ptolemy adopts this opinion and modifies the former 
hypothesis by making the centre of mean distances moveable, as 
will be presently explained. 

Let E [Plate III fig. 3] be the earth; A Bp, abq and pci 
be ceitain positions of Mercury’s eccentric ; and let A p be the 
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line of the apsides. Take c the centre of mean movements, and 
draw c t perpendicular to A P ; then the centre of the epicycle 
will be in the line c t, suppose it at t, at the times of the two 
last mentioned observations. At those times half the difference 
of the two elongations was equal to three degrees which, as was 
shewn m the orbit of Venus, constitute the amount of the 
zodiacal inequahty, or the angle etc, hence E c may be ex- 
pressed by c T. tang. 3“ , but, considering M to be the place of 
the planet in its epicycle, t m to be perpendicular to c M, and 
Z. T c M equal to the mean elongation [23“ 15'], we shall have 
c T. sin 23’ 15' = T M , whence, assuming t m to be umty, c T 
will be found equal to 2.53329, and E c equal to 0.13276. Now, 
by the observations in the nineteentli year of Adrian, as above 
mentioned, when the maximum elongation at a , that is the angle 
A E V, was 19'’ 3 ' ; and at P, that is the angle p e v', was 23“ 5', 
assuming the radius of the epicycle to be unity, Ptolemy found 
that E A was equal to 3.06379 and E p, to 2 5.3329 : half the sum 
of those values gave a z, or z p [= 2 79854] consequently E z is 
equal to 0.26525, which is twice the value of E c. Therefore it 
IS proved that z is situated at a distance from c, the centre of 
mean movdhients, equal to e c but on the opposite side Now, 
to preserve the above value of t c and to have the centre of the 
epicycle always equally distant fr'om the centre of mean dis- 
tances, Ptolemy found it convenient to suppose that this last 
centre revolved on the circumference of a circle described about 
z, with a radius equal to z c or E c ; then, imagmuig the centre 
of mean distances to be at z' when the centre of the epicycle 
was at A, and causing the fprmer centie to move in retrograde 
order, or from z' through z", on the cucle described about z, 
while the centre of tlie epicycle moved in direct order, or from 
A towards t, with an equal angular velocity ; tlie centre of mean 
distances would arrive at c when the centre of the epicycle was 

in perigco, in the line ap and the eccentric circle would suc- 
cessively take the positions ab q, per when the centre of mean 
distances was at z" and c, respectively. A z', the mean or constant 
distance is evidently equal to 2 66578 [= A z— z c] , and i we 
make this equal to unity we have, by proportion, T M, the radius 
of the epicycle, equal to 0.37513 and E c, the eccentricity, equal 
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to 0 0995, or nearly one tenth of the mean distance : in the 
modern astronomy the scfniaxis major of Mercury’s orbit, which 
corresponds to the radius of the epicycle in the theory of Ptoleihy 
IS equal to 0.8871, and the eccentiicity, to 0.2054, the mean dis- 
tance of the sun from the earth being unity. 

The dijderences m the apparent elongations of an infeiior 
planet, when the mean sun, or the centre of the epicycle, is in 
different paits of the eccentric, are sensible also in Venus but 
are not so considerable as in Mercury, they are evidently caused 
by the ellipticity of the real orbit of the inferioi planet about the 
sun, and the orbit desciibed by the centre of the epicycle ac- 
cording to the hypothesis above explained, produces an approxi- 
mation to the law of those vanations inasmuch as the path of 
that centre is an oval figure symmetrical on each side of a f, as 
in the orbit of the moon, by which the radius of the epicycle 
subtends a variable angle at the centre of mean movement as 
well as at the earth ; and, if it had not been that the prejudice 
in favour of cncular motions overpowered every consideration, 
the figure of this path must have suggested to Ptolemy the idea 
of an elliptical orbit, which would have considerably simplified 
his theoiy of planetary movement even though he had still sup- 
posed the eaith to bo at rest. It must be, also, obsen^ed that, 
notwithstanding the complexity of the orbits of the planets, the 
observed inequalities of their motions weie fax from being accu- 
rately represented. 

By compaimg the longitudes of the apogea of all the planets, 
found in his own times, with those deteimmed from more ancient 
observations, Ptolemy concludes that the lines of the apsides aie 
fixed in space and that the longitudes of the apogea appeal to 
increase continually by the mcie effect of precession : now we 
have shewn how eironeously this last element was estimated, 
and we know that the progression of the apogeum is different 
for all the planets; that of Saturn, which is the greatest, 
amounting to about 20 seconds annually with respect to the 
fixed stars, or to about 70 seconds with respect to the equinoxes; 
and, as such movements might have been detected in obser- 
vations made at the end of long intervals of time, there is a pre- 
sumption that Ptolemy did not attempt the investigation. A 
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suspicion has, also, arisen respecting the reality of the obser- 
vations he professes to have made on the inferior planets for de- 
termining then* elongations from the mean place of the sun, on 
account of the improbability that the values of those elongations 
should, as he has asserted, be exactly equal to each other ; but 
this circumstance admits of a reasonable explanation which 
leaves no ground to doubt the fidelity of the Alexandiian astro- 
nomer , for it IS conceivable that he would have taken fi:om the 
registers of observations, made by himself or others, such as 
occuiTed near the times when, by the tables, the mean longitude 
of the sun W“as any given quantity , and then, by proportion 
drawn from the daily or hourly movement of the planet, sup- 
posed to be previously and approximatively known, it would be 
easy to ascertain those longitudes of the sun and planet which 
render the elongations coincident in quantity. Methods similar 
to this are, even now, employed by astronomers in determimiig 
the elements of the orbits of the sun, moon and planets. 

In all the reasonings above exhibited the planets have been 
supposed to move in the plane of the zodiac, or of the sun’s 
appaient orbit about the earth. Ptolemy, however, was well 
aware that they were sometimes above and, at other times, below 
that plane : he was awaie, also, that the latitude, like the longi- 
tude, was subject to tw^o inequalities , and, in the thirteenth book 
of the Almagest, he enters into an explanation of that pait of the 
planetary theory. He supposes the plane of the eccentric of 
each planet to be inclined to that of the zodiac ; the plane of 
the epicycle to be inclined to that of the eccentric, and the line 
of nodes produced by the intersection of the eccentric and zodiac 
to pass through the eaith at right angles to the line of the 
apsides of the fonner. The first of the inequalities of latitude 
he calls zodiacal, and makes it depend on the position of the 
centre of the epicycle, the other which he calls solar, arises from 
the position of the planet in the epicycle. 

To exhibit the positions of the circles and the manner in which 
the variations of latitude take place; let xy [Plate IV. fig. I.] 
be the plane of the ecliptic, uv that of the eccentnc circle for 
any superior planet ; let e be the earth and r e s the line of the 
nodes, or the intersection of the eccentric and ecliptic. Also let 
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a plane pass througii e perpendicularly to tlie line of tlie nodes ; 
its intersection with the eccentric gives pa, the line of the 
apsides and, with the ecliptic, gives p' A', the pi ejection of that 
line ; and the angle X e a' is the invariable inclination of the two 
planes. Let a be the centre of the epicycle when in apogee , 
then the plane of the epicycle will intersect that of the eccentric 
in M N perpendicularly to a p, and let k a Q be that diameter 
which lies in the plane passing through pa and p'a'; the angle 
K A E will be the greatest inclination of the epicycle to the 
eccentric 

Now when, by the mean motion of the planet, the centie of the 
epicycle moves towards r, the diameter k q turns about that 
centre, and its inclination to the plane of the eccentiic con- 
tinually diminishes till, when the centre is at R, the line K Q 
coincides with k' q' in the line of nodes and the plane of the 
epicycle coincides with that of the ecliptic , so that the planet, 
in any part of the epicycle has, now, no latitude ; during this 
movement of the centre the diameter M N, of the epicycle, which 
is perpendicular to kq, moves parallel to the plane of the 
ecliptic and, at r, it coincides with it, and tabes the position 
M' N', parallel to p' a'. As the centre of the epicycle moves from R 
towards P, the line ic' q' continues to turn, and becomes inclined 
to the ecliptic ; and, when the centre has got to r, it coincides 
with Q'" K" which IS parallel to K Q , the diameter m" n", also, which 
remains parallel to the ecliptic, is now peipendicular to p a. 

The angles k e a' and p' e k", which are those oL the greatest 
northern and southern geocentric latitudes of the jilanct, being 
given by observation, the radius of the epicycle and the dis- 
tances of its centre from the earth being also known, as above 
explained, Ptolemy finds the mchnations aea' and kae. The 
former is evidently equal to the maximum of the fiist inequality 
of the planet’s latitude , and, when the. centre of the epicycle is 
in any other part of the eccentric, its latitude will, of course, be 
expressed by the product of the angle a e a' multiplied into the 
sine of the angle which the line of the nodes makes with one 
drawn from e to the actual place of that centre. The angle K a k 
also diminishes when the centre of the epicycle changes its 
place, in the proportion of radius to the sine of the angle above 
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mentioned ; and the sum of these two variable angles gives the 
value of the latitude in any part of the planet’s orbit. 

For the latitudes of the inferior planets Ptolemy proposes a 
similar hypothesis ; but he supposes the inclination of the eccen- 
tric to the echptic to be so small that it may be disregarded, and 
he gives to the plane of the epicycle a double inclination to the 
plane of the eccentric or rather, of the ecliptic, so that the lines 
K Q and M N, of the apsides of the epicycle, may be sometimes 
in the plane of this circle and, at other times, above or below 
it , and ho exhibits this double and variable inclination by giving 
to the lines k a q and man conical movements upon a as a ver- 
tex, as if the points k and n turned upon the circumferences of 
two small circles perpendicular to the plane of the eccentric and 
having their centres in that plane, in such a manner that when 
either line lay in the ecccntiic the other might, at one end, be 
at its gicatest elevation above that plane and, at the other end, 
as much below. This contrivance, of a double inclination, oi as 
Ptolemy expresses it, of an inclination and obliquation was, as 
Delambre observes, rendeied neccessary by that variation m the 
place pf the centib of mean distances which has been described 
in speaking of Mercury’s orbit, for by thus, alteniately, bringing 
the planet nearer to, and carrying it further from the earth than 
it would be if the centie of the epicycle moved upon a simple 
eccentric, its gcoccntiic latitude would be augmented and di- 
minished nearly in proportion to the variation of its distance, 
which IS contiary to the phenomena observed ; and the conical 
movement of the ladii of the epicycle was thought capable of 
correcting the error. Knowing the dimensions of the eccentiic 
and epicycle, with the observed geocentric latitudes of the planet 
when at K. and M, it was easy to determine the inclinations of 
the two diameters of the epicycle to the plane of the ecliptic 
and the diameters of the small circles on whose circumferences 
those points x and M were supposed to move. In the orbit of 
the moon, the plane of the epicycle is supposed to coincide with 
that of the eccentric ; and the inclination of this plane to the 
ecliptic was found by the method shewn in the explanation of the 
lunar theory The errois in the places of the planets when 

» Chap. XI. 
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computed by the hypothesis proposed by Ptolemy, for the pur- 
pose of exhibiting the yanations of their movements both with 
respect to longitude and latitude were, probably, within the limits 
of those of the^ observations made m his age , but they will be 
found too great, when a comparison is made of the places thus 
computed with those obtained fiom modern observations, to 
permit the system of Ptolemy to stand in competition with that 
which IS now received ; and, indeed, the former is worthy of 
notice chiefly on account of the ingenuity displayed in the 
various devices adopted to produce an accordance between the 
deductions from theory and the results of observation. The 
machinery of the heavens which is described in the woiks of 
Ptolemy appeared even to that astronomer somewhat com- 
plicated, and he endeavouis^ to apologise for it by observing 
that we ought not to judge of celestial things by our ideas of 
simplicity, which are not perfectly fixed and certain, but rather 
by ideas drawn firom the perfection and immutabihty of the 
celestial motions themselves ; accordmg to which, as he alleges, 
the most complex subjects may appear more simple, in reality, 
than those which, to us, seem to possess that quality in the highest 
degree. 

The ancient philosopheis having no means of determining the 
relative distances of the earth, sun and planets , and not being 
able to distinguish the phases of Mei cm y and Venus, which 
shew them to be alternately beyond the sun and between it 
and the earth, could have no evidence to disprove the opinion 
that the revolutions of all the planets lespected the earth as a 
centre rather than the sun : yet about the time of Ptolemy, if 
not, as we have already hinted, (Chap. IV.,) much more ancient- 
ly, a system must have been popular which, in the positions it 
assigns to the orbits of the inferior planets, has some resemblance 
to that invented by Tycho Brahe in a later age. This appears 
from a passage in Pliny ^ wheie the writer, endeavouring to give 
a reason why the last mentioned planets did not deviate far from 
the sun, says it is because their circles return upon themselves 
and have that part below the sun which the others have above : 
now these circles can only be the epicycles, in which the planet 

* Almagest, Lib. XIII cap; 2 ^ Nat. Hist. Lib. II. cap. 17 
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imovinig, wlicn it arrives at the point where a visual ray from 
tlu' (Mirth is a tangent to the orbit, it appears to return towards 
th(^ sun ; and the part said to be above the sun is, doubtless, the 
pi’rigcMiiifi which, in the superior planets, is beyond, while in 
tin* inferior planets it is within the solar oibit. The description 
(MTtainly agrees with the supposition that these ^Dlanets revolve 
about the sun, and ajijiears to have been expressly frameci in 
opposition to the idea that the earth is the centre of their motion. 
But the hypothesis which wo infer from the language of Pliny 
is more exi)licitly announced by Vitiuvius who is supposed to 
have* liv(Hl in the time of Augustus or, as some think, of Ves- 
pasian ; and, as the description of the Universe given by this 
engineer contains, concerning the attiactive principle, a curious 
notion which, probably, was then generally admitted among phi- 
losophers, it may not be impropei to introduce that description 
in this place. 

earth, he says, is placed m the centre, and the heavens 
with the twelve signs i evolve about it on the cardinal, or 
polar axis. Meicury and Venus arc the planets nearest to the 
rays of the sun, and move round the latter as a centre, appearing 
sometimcB progressive, sometimes retrograde and, occasionally, 
stationary among the signs. Mercurii autem et Veneris stellcB 
eirctim solis radios, solem ipsiim, uti centrum, itineribm coro- 
fiftnies, re(/7*essus rclrorstwi et retardaiiones faciunt, Ettam' 
staitonihus, propter earn clrcinaiionem, morantur %n spatiis 
siipioruw lie describes Venus as, alternately, a morning and 
an (‘veiling star, and observes that she docs not remain an equal 
nuiubcT of days in each sign ; hut after being delayed in some, 
slu*. (*H(‘ap(*s from ilm impediment, (which he afterwards considers 
as eausedby tlu* sun’s rays,) and quickly passes through the rest 
of the orbit, lie states, agreeably to the notion of Aristotle, that 
all tho ])lauets move with equal velocities , and that, on account 
of their diflbreut distances from tho earth, they accomplish their 
revolutions about it in different times, which he illustrates, and the 
same idea is expressed by Clcomcdes^, by supposing seven 
ants to be placed in as many circular grooves cut in the plane 
of a potter’s wheel, at different distances from the centre, and to 
» m AvMmtMTh Coixtemplatione, Lib. I. cap. 3. 



286 


PTOLEMY’S PLANETAJIY THEOEY. 


[CHAP. 


be made to move with equal velocities in one direction while the 
wheel itself revolves in the opposite , he compares this motion of 
the wheel to the diurnal motion of the heavens and, therefore, 
the whole illustration would seem to be formed from the old 
hypothesis of concentric spheres, but it is probable that nothing 
more was meant than to prove, in a manner which should be in- 
telligible to common minds, that the observed peiiodical revo- 
lutions of the planets were compatible with the opmion of theit 
equal movements ; and that no attention was paid to th^ real 
orbits. He makes the dmrations of the revolutions of the supe- 
rior planets nearly the same as those assigned in the modem 
astronomy to the sidereal years of these planets ; that of Mercury 
is stated at 360 days which, probably, are intended to express 
the time of a mean revolution, being nearly the same as that of 
the sun ; iiut the revolution of Venus is said to be accomplished 
in 485 days, and, if this is not a mistake, we can only imagine 
it to refer to the time which may have been observed to elapse 
between the greatest elongation of the planet on the western side, 
and that on the easterii side of the sun, which is known to be 
about 440 days. 

Some persons, he says, are of opmion that the stationary and 
retrograde appeaiances of the superior planets are caused by the 
greatness of their distance from the sun, at the times when those 
phenomena occur; which rendering his light too faint, them 
motion is retarded by the obscurity , but he asserts that he is of 
a diffeient opmion ; giving, as a reason, that the sun’s rays fill 
all the heavens and, theiefore, must always enlighten the divine 
planets. He thinks those appearances may be caused by the 
action of heat which, he says, attracts all things to itself ; and, 
to explain his meaning, he observes that the sun extends his 
rays in the form of an equilateral triangle, and that these attract 
or accelerate the bodies which follow him while they retard those 
which precede him, drawing them back, as it were, towards him. 
It is difficult to conceive what is to be understood by the solar 
rays being extended in the form of a triangle but, as he observes 
also, that if the rays from the sun were bounded by a circle, or 
sphere, the bodies nearest the sun would be burned up, it seems 
that he supposed the matter of light or heat, without diminishing 
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111 density, to extend itself ereiy way as it recedes from the sun 
in the same manner as the breadth of a triangle increases from 
one of the angles to the opposite side ; the other expression ap- 
pearing to imply an opinion that, if the hght or heat diminished 
in density as it receded from the centre, which would be the 
case if it issued from the sun in right lines like the radii of a 
circle, the heat near the sun must be so much greater than we 
find it to be in the region of the earth, that the moon and infe- 
rior planets would be destroyed. 

In those times the physical principle by which the parts of 
the universe are connected together must have been very famtly 
appiehended ; for though many passages in ancient authors seem 
to imply a knowledge of the existence of an attractive quality in 
natoe, like that which Yitruvius supposes to reside in the solar 
light or heat, and daily observation must have shewn that a 
heavy body, if unsupported, falls to the earth ; yet so little were 
the ancients able to discern the consequences which must result 
from such a tendency that, as far as we can discover, they never 
suspected the power by which all bodies near the earth descend 
towards its surface to be the cause which renders their rise from 
that surface impossible without the apphcation of some superior 
foice. This we infer from the language of Phny, in answer to 
the question, (which seems, then, to have been frequently pro- 
posed,) whether or not there were antipodes to the inhabitants 
of our hemisphere ? and if so, why they do not fall fr'om the earth ? 
He observes, justly, that the latter question may as properly be 
made concerning ourselves by the inhabitants of the other hemi- 
sphere, but his reply is nothmg more than an assertion that such 
a fall would be contrary to Nature, smce she has refused a place 
to which terrestrial bodies may tend in that direction. The im- 
perfection of the sciences was not, however, unfelt by many of 
the learned among the ancients ; nor did it escape the penetra- 
tion of one who most justly deserved the name of a philosopher, 
that they would, with the progress of time, receive those im- 
provements which have actually taken place : Seneca, contem- 
plating the state of astronomy, observes ^ that it was only since 
fifteen hundred years before his time, the Greeks had given 
* Nat. Quaest. Lib. VII. cap. 25. 
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names to the stai-s, and that there were still many nations who only 
knew the heavens by sight , but, with a prophetic spirit, he says, 
“ the time will come when posterity will be surprised that we 
could be ignorant of things the knowledge of which might be so 
easily acquired, and some one will at length arise who shall 
teach men the paths of the comets, then magnitude and number, 
and why they deviate so far from the routes of the planets. 
How many things” he adds, “ are beyond the reach of human 
inteUigence ; and how small is the part of the universe which is 
accessible to our knowledge ; even the Deity himself is no better 
known to us.” Let it be observed here, that the fifteen hundred 
years mentioned above, would carry us hack to a period more 
remote than the origin of the Greek ashonomy; and it is pro- 
bable that Seneca confounds the science of the Greeks with 
that of the Egyptians and Chaldeans. 
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CHAPTER XIV. 

WORKS OF THE ARABIAN ASTRONOMERS. 

Decline of Astronomy after the destruction of the Roman Empire — The 
Arabians adopt the hj’potheses of Hippardius and Ptolemy — Their im- 
provements in pure mathematics — Desti uction of the Alexandrian library — 
Measurement of an arc of the tenestnal meridian in Syiia — The h5’pothesis 
of a libration of the equinoctial points supposed to have been conceived in 
the age of Ptolemy. — The opinion adopted by the Arabians. — The hypothesis 
of material spheies adopted by the same people — Manner of representing 
the effects of the supposed hbration. — Determination of the obhquity of the 
ecliptic by Albategnius — The length of the year and the elements of the 
solar orbit determined — The elements of the lunar orbit adopted from 
Ptolemy — Opinions concerning the distances of the planets. — Researches of 
Ibn Jounis —Values assigned by the Arabians to the general precession — 
Astronomical tables computed by the same people — The correction for re- 
fraction introduced — Observatories estabhshed at Maragah and Samarcand. 

The science which, we have seen glimmering throngh the ob- 
scurity enveloping the ancient history of the Egyptian and Assy- 
lian empiies, and shining with a steady lustre over the territories 
subject to Grecian influence, was marked in its j)iogress by just 
such steps as might be expected to be taken by an intelligent 
and industrious people, who persevered in their application to 
the subject till they had brought it to the highest degree of per- 
fection which their means peimitted ; and it is highly probable 
that, had the political existence of the Grecian states been ex- 
tended to a later period, the modems would have been antici- 
pated in the discovery of that law which has enabled them to 
unfold all the mechanism of the universe. But the iron hand of 
Roman despotism crushed the intellectual energies of the people, 
and annihilated the sciences both of Greece and Egypt : then, 
instead of a nation ennobled by the culture of a subhme philo- 
sophy, and adorned with the elegant arts, history reveals to us 
a people of soldiers, originally occupymg only a narrow district 
of Italy, but, subsequently, becoming the conquerors of the most 
powerful nations of antiqmty and rulers of that vast portion of 

V 
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the earth which extends from the Atlantic to the Indian Ocean; 
who, in ignorance of that which constitutes true glory, sought 
theirs only in warlike achievements ; or rather, who, in accord- 
ance with the precepts of the poet, left to others the care of ex- 
plaining the form of the heavens and the courses of the stars, 
and devoted the energies of their minds to the arts of subjuga- 
tion and government^. During the existence of a nation influ- 
enced by such precepts it was impossible that astronomy or the 
other sciences should flourish, and the destruction of the giant 
empire was followed by a long night of barbarism and ignorance. 
This continued till the ninth century of the Christian era, when 
the successors of Mohammed had carried their arms and their 
religion over all those provinces of Asia and Africa which, during 
so many ages, had been ruled by the sovereigns of the eternal 
city and till a new race arose in the west, which, reviving the 
smothered fires of ancient learning, produced a flame whose 
steady brilliancy seems destined to enlighten eveiy region of the 
earth. 

But to what can be ascribed this change, which caused so 
dark a veil to oversjiread the sun of ancient science, literature, 
and art, m countries where these had previously been so highly 
cultivated ? The only plausible answer to this question is, that 
while the empire of Rome subsisted and held those countries in 
subjection, that portion of the revenues of the states which should 
have been consecrated to the support of the public seminaries 
was expended m foreigm wars , and that, among the rich and 
powerful, a reh^h for merely sensual luxuries had superseded the 
taste for pleasm'es of an intellectual nature : when learning ceases 
to be patronized by a government, oi when it is no longer es- 
teemed a qualification for rank in society, it soon ceases to be 
cultivated; and the painful application of the mind which is 
necessary to attain proficiency in it is too often gladly dispensed 
with by persons whose interest it does not immediately promote. 

Before the invention of printing, books were rare and costly, 
therefore not genei ally diffused, and it must have been in the 
power of those persons only who were in possession of considerable 
wealth to place themselves under the tuition of some philosopher 
^ jEneidos, Lib VI ver. 850. 
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who, perhaps, resided in a distant country ; hence the number 
of students could never have been considerable in the ancient 
world, and this number would naturally be diminished when 
the stimulus to exertion was withdrawn. It is certain, also, that 
an ambitious priesthood, firom a love of the power which supe- 
nor science has always conferred on those who possess it, with- 
held from the laity the mstiuction it vras its duty to communicate, 
in order to preserve a monopoly of learning within its own esta- 
blishments ; and, as might be expected from such policy, it 
happened that, in proportion as knowledge declined among the 
people, it dechned also among the clergy till, at length, all were 
enveloped in one common cloud of ignorance and superstition. 

The immediate successors of Ptolemy appear to have been too 
well satisfied with the works of that illustrious astronomer to 
attempt any alteration in the theory he had so extensively de- 
veloped, and ages undistinguished by any originality of con- 
ception or brilliancy of talent, succeeded the publication of the 
Almagest. The second Theon, Pappus, and Simplicius arc justly 
celebrated as commentators of Ptolemy, Aristarchus, and Aiisto- 
tle ; but the other persons who held the chair of philosophy m 
the east, from the second to the ninth century, are chiefly known 
as compilers of mathematical elements, in which occur only some 
occasional notices of astronomy : the low state of the science 
within this peiiod may bo concluded from the language of Isido- 
rus of Seville, who, in the seventh century, and in a work in- 
tended for the learned, gravely states that the rising sun is seen 
at the same moment in Biitain and India; that the stars arc 
sustained and guided by angels, and that the universe turns on a 
material axis which is prevented from taking fire, in consequence 
of the friction, by water descending on it from heaven. 

The Syntaxis of Ptolemy still lemained the text book of the 
schools, and the Aiabians, who rekindled the science, did it 
from the lamp which had been burning, though witli continually 
declining lustre, in the Institution of Alexandria; but it is not 
to bo expected that, duiing the short period in which the Khalils 
were able to afford patronage to the learned, the foundation of 
astronomy should be renewed ; in feet the hypothesis concerning 



292 


WOEKS OF THE 


[chap 


the system of the universe, which had been received by Hippar- 
chus and Ptolemy from the inventor, appealing to the Arabians 
conformable to reason and venerable fiom its antiquity, was by 
them unhesitatingly adopted; and their energies were simply 
directed to the improvement of the means of making observa- 
tions, and of the rules by which the occiiiTence of phenomena 
were computed : these were, indeed, objects of impoitance, since 
the one contributed to the establishment of correct data, and the 
other, to diminish the labours of succeeding mathematicians, but 
they are not to be compared with the science which teaches the 
deduction of the celestial phenomena from the general laws of 
nature. 

Trigonometry is especially indebted to the Arabians for the 
introduction of two new functions by which its formulae are con- 
siderably simplified , these are the sioies and tangents of circular 
arcs ; the former was substituted for the choj ds which had been 
invented by Hipparchus and used ever since his time , the others, 
which were at first called shadows, seem to have been suggested 
by ‘the practice of makmg observations on the sun, with the 
gnomon , for the length of the shadow cast by a pillar is evi- 
dently equal to the tangent of the zenith distance of the celestial 
body, supposed to be reckoned on an arc of a circle whose ladius 
is equal to the height of the pillar. These functions appear to 
have been first used m trigonometrical operations by Albateg- 
niiis, who lived about the year 879 of the Chiistian era; and 
if, as is asserted by Lucas di Borgo, who first, in Europe, pub- 
lished a treatise on algebra, that art was discovered by the 
Arabians, it must be acknowledged that these people have con- 
ferred upon the sciences an obligation of the highest order in 
bequeathing to succeeding mathematicians the most powerful 
instrument by which physical propositions, and particularly 
those relating to astronomy, can be investigated. The honour 
of inventing the numeral characters, and the decimal scale of 
values at present almost universally employed, by which the 
processes of computation have been so much facilitated when 
compared with those rendered necessary by the Greek notation, 
may be contested between the Arabians and the Hindus, yet the 
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former people have an indubitable claim to om gratitude since 
they were the means of introducing that impoitant algorithm to 
the learned of Em ope. 

A gieat ment of the Mohammedan philosophers consists in 
having availed themselves of the oppoitunities affoided by the 
fine climate of Egypt and Syiia to make numeious and, for that 
age, accurate observations on the sun and fixed stars, by which 
the appaient movements of those celestial bodies, became much 
more peifectly known than befoie , it does not appear, however, 
that they invented any new instruments foi this purpose, and it 
is rather piobable that they employed only such as are described 
by Ptolemy, but, peihaps, made of larger size and more correctly, 
as well as more minutely, graduated; and as we read of several 
persons who bore the designation of Alasteiiabi, or makers of 
astrolabes, it is probable that the extent of the demand for such 
instillments peimitted individuals to apply themselves particu- 
larly to theii construction. Albategnius, speaking of the instiu- 
ment which he used in his observations foi finding the zenith 
distances of celestial bodies, says^ it was furnished with a very 
long alidade, whose nature and use, he adds, is explained in the 
Almagest , and it appears to have been graduated in minutes of 
a degree : a similar instrument was subsequently constructed for 
the observatory at Maragah, having an alidade cubits long ; 
and it IS evident that both must have resembled the parallactic 
rods mentioned by Ptolemy. The Arabian astronomer, Geber, 
also, made use of an armillary instiument which was capable of 
turning on its supports, so that the principal circle could be 
placed at pleasure m the plane of the meridian, the equator, or 
the ecliptic , and thus theie might be obtained the meridional 
zenith distances, the right ascensions and decimations, or the 
longitudes and latitudes of celestial bodies. The circle seems to 
have been about four feet m chametei , and mention is made of 
an auxiliary arc, equal to a quadrant, whose radius was of greater 
length than that of the circle and which, being still more 
minutely graduated, gave, with supeiior correctness, the values 
of the angles taken by the armilla itself. 

The commencement of the Arabian empire was marked by an 
® De Scientia Stellaium, cap 4 
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eTent whicli seemed at first to tlireaten the total extinction, 
rather than promise the advancement of literature and science ; 
we mean the destruction of the splendid library formed by the mu- 
nificence of the Egyptian sovereigns, at j^Uexandria. The fana- 
ticism which dictated the order for consuming that immense col- 
lection of the treasures of ancient learning, certainly does not 
seem consistent with the liberahty subsequently displayed m 
the efforts made to repair the loss by the acquisition of every 
valuable work that could be procured ; nor could it have been 
foreseen that a people who considered aU necessary erudition to 
be contained in the koran should become the promoters of that 
which originated among, and was cultivated by the idolaters of 
Asia and Europe. Yet such was the fact: the charms of 
sacred numbers” which had, from all antiquity, been felt in 
Arabia, probably led, after the rage of conquest was satisfied, to 
the study of the poets and, subsequently, of the moralists and 
historians of the West ; and the worship of the heavenly host, no 
less ancient, nor less generally diffused among the Arabian tribes, 
as probably gave an mterest to the astronomical works of the 
Greeks, the study of which necessarily led to the practice of 
diligently observmg the stars, and supplied a motive for the 
cultivation of pure mathematics. Thus, as the eloquent Bailly 
observes®, hke children who destroy the things they possess and 
then weep over their loss, the Arabs came to seek the light of 
knowledge at Alexandria, where they had endeavoured to extin- 
guish it ; and removed the ashes which remained, that they 
might collect what the fire and their barbarism had spared. 

The determination of the magnitude of the earth we inhabit 
seems to have been one of the first objects attempted by the 
Arabians ; and Al-Maimon, the son of the famous Aaron-Al- 
Easchid, who was seated on the throne of Bagdad in the year 
814 of our era, appointed the best mathematicians of his age 
and country to measure the length of a degree of the terrestrial 
meridian in order, as it is expressly stated, to verify the value 
obtamed by Eratosthenes and Ptolemy. We learn from the 
translated manuscript of Ihn-Jounis, an astronomer who lived 
about the year 1000, that these mathematicians were divided 
® Hist, de V Astronomie Moderne, Liv. VI. 
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into two parties ; that one party by stretching cords 50 cubits 
long from south to north in succession, between Waset and 
Tadmor, measured in the chrection of the meiidian a certain 
space which they made equal to 200,500 cubits in length, and 
whose extremities dilfcred in latitude by one degree ; and that 
the other party measured, in the plain of Smgiar, also a degree 
of latitude which they found to be nearly of the same length, 
the diffeience between them being about ^ of the terrestrial arc 
The length above assigned to the degree of the meridian was 
stated by the persons who performed the operation to be the 
same as that given by Ptolemy , its precise value would be of 
small importance at present, even if it could be ascertained, on 
account of the probable inaccuracies of the admeasurement; but 
the greatest uncertainty prevails respecting the length of the cubit 
here employed ; for some of the Arabian geographers make it 
equal to 6 palms, that is, to about 2 English feet, while the 
Jewish astronomer Abraham asserts that the mathematicians of 
A1 Maimon used a cubit whose length was 4 palms, or about 16 
inches , and according as we adopt the fiist or second of these 
values, the length of the degree would be about 76, or 51 English 
miles respectively. Alfraganus relates ^ that the learned men 
who, in the time of A1 Maimon, measured the length of a degree 
made it equal to 56-| miles, each containing 4000 royal cuhtts;'"'^ 
and, if we take the mean length of a degree of the meridian to 
be 69 English miles, it will be found that the royal cubit must 
have been equal to 19-|- inches. 

It seems probable that some of the more ancient astronomers 
occasionally reckoned the longitudes of the stars not from the 
true equinoctial point, but from some fixed star whose echptic 
place was considered as the origin of the longitudes, just as some 
terrestrial meiidian arbitranly chosen is now used for the origin 
of the longitudes of places on the earth ; and the registers of the 
ancient observations not being always accompanied by a desig- 
nation of the assumed origin of the celestial longitudes, it has 
happened that, m comparing such observations with others made 
on the same stars when the longitudes were really reckoned from 

® Delambie, Astionomie du Moyen Age, pages 78 and 97- 

^ Elementa Astionomia, cap 8. 
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tlie equinox^ a mistaken notion arose concerning the position of 
the vernal equinox ; which was, thence, supposed to be subject to a 
variability of movement independent of the piecession, and to 
advance and retrograde alternately upon the echptic, within cer- 
tain hmits, about its mean place The idea of this movement of 
trepidation, as it was called, appears to have been entertained 
in or before the time of Ptolemy ; though as this astronomer does 
not notice such a motion, in his works, it is evident that he 
must have considered it as unsupported by any observations 
worthy of confidence. Theon, his commentator, alleges that 
the opinion was maintained by the ancient astionomers, proba- 
bly meaning the professors of the art of astiology, who appear 
always to have held notions which formed no part of the cieed 
of men of real science ; and he adds that the extent of the motion 
was said to be 8 degrees on each side of the mean place : 
he makes the rate of motion equal to one degree in 8Q years , 
so that the equinoctial and solsticial points must have been sup- 
posed to come, at the end of every period of 1280 years, to 
those points of the ecliptic which they would have arrived at by 
the general pirecession. 

The particular data on which the supposed fact of the trepid- 
ation and its amount were founded aie quite unknown, but, pos- 
sibly, there might have been then in existence records of many 
observations similar to those quoted by Ricius* fiom the Jessod 
holam [Defundainento mundi\ a work composed in the begin- 
ning of the fourteenth century by the Jewish writer Isaac; the 
observations we allude to, which are said to have been made by 
a certain Hermes 1985 years before the time of Ptolemy shew 
the longitudes of the stars Regulus and Coi Hydree , and if real, 
those longitudes would appear, at that time, to have been greater 
by 7 degrees than the longitudes assigned by the latter astrono- 
mer to the same stars, wheieas, by the efiect of precession, they 
ought to have been less by about 28 degrees, it, therefore, ap- 
peared that, within the above period, the equinoctial point had 
moved according to the order of the signs, or in a direction con- 
trary to that which constitutes the piecession. But the age m 
which this Hermes is said to have lived is beheved to be fictitious 

* De motu octavse sphaerae. ^ Riuus ut supra. 
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and, as the account of the observations simply states, that one 
of the above mentioned stars was in a certam degree of Leo, 
it will be very natural to suppose with Ricius, and the suppo- 
sition destroys the hypothesis of trepidation, that the star was 
by the ancient obseiver whoever he may be, refeired to the con- 
stellation Leo, which is fixed in the heavens, and not to the fifth 
sign of the ecliptic, reckoned fiom the equinoctial point, which 
IS moveable. BaiUy, on the other hand, contends * that the lon- 
gitude of the said star is to be leferred to the equinoctial point, 
but he conceives that Hennes, or the observer who bears his 
name, made use of the Hindu zodiac whose origin, at the above 
epoch, he shews to have been situated 36 degiees fiom the equi- 
nox, according to the order of the signs ; and, consequently, the 
place of a star in that zodiac would, then, appear to be 7 degrees 
more advanced m longitude than its place, in the time of Ptolemy, 
according to the Greek zodiac : but the absence of any direct 
evidence to prove Uiat observations of this nature were made by 
any person using the Hindu zodiac, at so early a period as 
1985 years before the time of Ptolemy, is a good leason for pre- 
ferring the former supposition. 

In the J essod holam above quoted Irom E-icius Hermes is 
stated to have recommended that “ the pJalosopher should care- 
fully com~ider the slap hanging in the air, which during four 
hundred years ascends, and during an equal number of years, 
descends ” The ship here mentioned is, by Rabbi Isaac, thought 
to designate one of the equinoctial points ; and the ascent and 
descent, to designate the motion of trepidation; but it is evident 
that, fiom expiessions acknowledged by the relator to be ob- 
scure and of uncertain meaning, and asciibed to a person whose 
existence is doubtful, nothmg can result in favom- of the opinion 
that the hypothesis of trepidation was known m the times of the 
ancient Babylonians and Egyptians. 

If any dcpendance may be placed on a statement made by the 
same Isaac, that about 750 years before his time (consequently 
about A. D. 560) the head of the constellation, and the com- 
mencement of the sign Aiies, weie together, or in conjunction, 
we shall be enabled to form an opinion in what particular part 
* Astionomie Indienne, discours pielimmane. De motxi octavse splifei<e« 
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of the heavens the origin of the Arabian zodiac was situated ; for 
the place of die vernal equinox in 560, being computed from the 
known value of the piecession, will be found nearly coincident in 
longitude with the star ^ Piscium, or about 13 degrees westward 
firom a circle of longitude passing through 7 Arietis, near which 
last passes the present boundary line between these two constella- 
tions. As there is no remarkable star near the said place of the 
equinox by which the head, or beginnmg of the constellation 
Anes could have been distinguished, it seems unlikely that such 
a spot in the heavens should have been chosen for the com- 
mencement of the twelve zodiacal constellations ; we may, there- 
fore, reasonably suppose that the divisions whose origin is 
referred to by the Jewish writer, were merely the twenty-eight 
lunar mansions used by some of the Ai*abian astronomers and 
in his lime, generally, by the professors of astrology. We shall 
see, hereafter, that the origin of the twenty-eight asterisms into 
which the Hindu zodiac was divided was, also, situated near the 
star ^ Piscium above mentioned. 

The idea of an alternately dnect and retrograde motion of 
the equinoctial points, having by some means found a place 
among the other conceptions of that age, concerning the systems 
of the heavenly bodies, was adopted by the Arabians, who made an 
effort to exhibit it by an additional movement given to the sphere 
mth which, according to Eudoxus and Calippus, the ffxed stars 
were connected. This modification is developed, in a manu- 
script work on the motion of the eighth sphere, by Thebith-ben- 
Korah^, who probably hved about the year 1000 of the Chris- 
tian Era, hut it is right to observe, and it is asserted by Alpe- 
tragius, an Arabian astronomer of the twelfth century, that the 
hypothesis itself was not universally admitted among that peojile : 
Albategnius^ argues against it on the ground that, during 
certain times, the movement of trepidation is in a contrary 
direction to that of the general precession, and, agreeably to the 
laws then laid down for the motions of the celestial spheres, 
two contrary movements cannot exist at the same time in the 

^ Hyde on tlie Tables of Ulugli Bey. 

^ Delambre, Astronomie du IMoyen Age, p. 73. ® De Scientia Stellarum, cap. 52. 
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same body or point ; and Thebith, in a letter to tlie physician 
of the Khalif Motavekel, expresses a doubt of its reality, though 
it is probable that, at a subsequent time, he admitted it with 
confidence : even among those who received the hypothesis, a 
difference of opinion prevailed respecting its amount ; Albateg- 
nius ^ agrees nearly with Theon in the value assigned both to 
the late, and to the extent of the movement ; but, according to 
Thebith, who has given a table of the equation of the equinoc- 
tial points, dependent on the supposed trepidation, the greatest 
extent of the deviations, m latitude, fiom the fixed ecliptic was 
4'’ 18' 43", and, m longitude, 10^ 45' from the mean place; and 
the restitution was supposed to take place in 4171-j years. 

From whatever cause it may have ongmated, it is found that 
the Hindus, in an age perhaps somewhat earlier than that of 
Albategnius or Thebith, entertained opimons similar to those 
ascribed to the latter, on the subject of the movements of the 
equinoctial points : and the following account of them, from an 
interesting essay by Mr. Colebrook on the notions of the Hindu 
Astronomers^, will probably be considered as strengthening the 
idea, that the sciences of Arabia and India were then closely 
connected together, it being not likely that the people of those 
countries should, independently of each other, have formed an 
hypothesis which is now well known to have no foundation in 
nature. 

Mr. Colebrook states that Bhascara, in his description of an 
armillary sphere, and also in a quotation firom a more ancient 
astronomer, Munjala, mentions the retrograde motion of the 
equinoctial points ; but he asserts that this is at variance with 
the text of the Sourya Siddhanta, and of several other works, in 
all of which the revolution, as it is called, of the equinoctial 
points is made to consist in a hbration of those points, within 
the limits of 27 degrees eastward, and as many westward of 
Aries, (probably their mean place), and of these librations it is 
added that 600 are performed in one yuga [=432000 years], 
or 600000 m a Calpa. The same doctrine, he observes, was 
maintained by the very ancient astronomer Aryabhatta, accord- 
ing to a quotation firom the works of the latter by Muniswara, 
^ Ut supra. ^ Asiatic Researches, Vol. xii. 



300 


WORKS OK THE 


[chap. 


one of Bhascan’s commentators, only the number of librations 
in a Calpa is made equal to 578159 instead of 600000, and the 
limit of each is said to be 24, instead of 27 degi^ees. It may, 
therefoie, safely be infened that the opinion of a libration, or 
tiepidation, of the equinoctial points is of considerable antiquity 
in India , but it will be in vain to attempt a reconciliation of 
the values assigned by the Arabians and Hindus to the peiiod 
in which a libration is perfoimed, or to the extent of a libration 
on each side of the mean equinox ; partly on account of our 
ignorance concerning the precise values of the Hmdu yugas 
and calpas, which, indeed, are of variable duration, and con- 
cerning the manner in which this people understood the libra- 
tion to be produced : we shall see presently that the Arabian 
astronomers supposed the plane of the ecliptic to be moveable 
on a small circle, or spheie, whose centre is in the mean place of 
the equinoctial pomt ; and it is evident that a small difference 
in the magnitude of this circle would mahe a considerable vari- 
ation in the extent of the mterval between the mean and true 
intersection of the ecliptic and equator when that interval is a 
maximum. 

In the astronomy of the Arabians, some confusion prevailed 
concerning the constitution of the Universe, and there seems to 
have been one theory for the learned, and another for the vulgar, 
or, perhaps, for the astrologers ; for though in their scientific 
investigations, this people adhered to the ideas of Ptolemy, and 
considered the planets to revolve on the circumferences of 
epicycles, yet we find their wnteis proposing to return to the 
mateiial and concentric spheres of Aristotle, and alleging, as a 
reason for so doing, the complexity of the eccentric spheres and 
epicycles which enter into the planetary theory of the Astrono- 
mei of Alexandiia. Now if, as is most probable, Ptolemy or 
his immediate disciples considered the planets to perform their 
revolutions in immateiial oibits, it must be admitted that the 
system they piofessed to follow was, in this respect, advan- 
tageous, because it left a way open for the future improvement 
of Astronomy, when, by the sagacity of some profound enquirer 
into the physical laws which govern the universe, the principle 
should be discovered by which tlie sun and planets pieserve 
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their relative distances from each other; whilst the Arabians, 
by the adoption of the clumsy machinery constituting the 
older hypothesis, caused a letiograde movement, in the science, 
which was not lecovered till the days of Copernicus and Kepler. 

Thebith, like the ancient Greeks, imagined that to each 
planet belonged a system of spheies of whose movements that 
of the planet was compounded, beyond these he supposed 
there was situated what was called the eighth sphere, which 
contained the fixed stars, and which, according to Ptolemy, 
perfoimed a i evolution about the axis of the ecliptic, in direct 
order, in 36000 yeais, producing the movement of precession 
at the rate of one degree in one bundled years ; and on the ex- 
terior of this he placed a ninth sphere, called the Primum Mo- 
bile, or the spheie of spheres, whose movement from east to 
west, caused the observed diurnal revolution of the heavenly 
bodies. On both these spheres were conceived to be described 
great circles representing the ecliptic and equator, and 
between the spheies were placed two others, diametrically op- 
posite to each other, which revolved on an axis coincident 
with a line drawn through the eaith and the equinoctial points 
on the ninth sphere, while this axis w’’as carried round the 
heavens by the general precession. The radii of these spheres 
were supposed to subtend at the eaith angles of 4° 18' 43", and 
the equinoctial points of the eighth sphere were made to re- 
volve upon their suifaces, so that the ecliptic and equator of this 
sphere appeared to rise and fall, to advance and retrograde, 
alternately, with respect to those of the ninth sphere, thus 
pi educing the variations of latitude and longitude, w’'hich were 
thought to be observed m the fixed stars : the values of these 
trepidations at any given times, weie made proportional to the 
sine of the arc, on the smface of either small sphere, which 
measures the angular distance of the moveable equinoctial 
point fiom the plane of the fixed ecliptic ; but the manner in 
which these movements of the equinoctial points were supposed 
to take place, wiU be better understood from the following 
explanation. 

Let iE B Q n [Plate III. fig. 4] be the position of the mean 
equator, whose pole is II, m and Q being the mean places of the 
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equinoctial points, and let ab c d, 1 efg be circles formed by pl*»l 
perpendicular to the mean equator, cutting, centrally, the 
spheres above mentioned ; the equinoctial points of the 
sphere describe the circumferences of these circles, and ^ ^ 
the vernal equinox is at a, let T a ^ be the position of the iii* ♦ 
able ecliptic, p its pole and T and ^ the positions of the jii# ^ 
able equinoxes, on the equator of the ninth spheie. Then, %% 1 
a describes the semicircle a be, the point p will describ#** 
half p 9rp' of the looped curve about t : and the point T wil® 
trograde through the arc T X', so that when the equinox (iC 
eighth sphere is at c, the ecliptic wiU take the position T' « 
again while this equinox is moving from c, through d, to ii # 
pole of the ecliptic will describe the other half p'^p 
looped curve, and the equinox of the ninth sphere will ri 
from T' to T. During the revolution of the equinoxes oit 
eighth sphere upon the circumferences of the circles ab cd, 1 
the pole of the equator on that sphere, will vibrate oontiiif 
in the arc v p' which is equal to the arc a c. The arc of a 
circle between n and p, or between n and p', which 
the angle at T or X' will express the greatest, and the arr 
will express the least obhquity of the ecliptic ; the formc^r ^ 
by Thebith, made equal to 23° 6V 20" and the latter, to 
40" ; whence, H p being a right angle, the arc of a great * i 
between w and p must have been equal to 8° 56' 56" ; #i 
because this arc is to the corresponding arc between II aii^l 
or between m and a, as the cosine of n to radius, it full 
that the radii of the circles or spheres of trepidation %% « 
subtend at the earth angles of 4° 18' 43", as above. Ill* * 
X js, which IS half the tiepidation in longitude will, from i I 
data, be 10° 42' 50", and Thebith makes it equal to 1(P 
but this element is, evidently, a result of computation, hnsfi 
on the differences, in the obliquity of the ecliptic, ansmg fi 
errors of observation ; and the situations of the equiiir m 
points, according to determinations made from the siipi** 
law of their movement, could never have been compareil 
those resulting from the observed longitudes of stars wif I 
demonstrating the inconsistency of the hypothesis. 

A-verroesof Cordoba is said, by Copernicus, to have pro}#* « 
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m order to account for the movement of the planets in 
latitude, that the sphere belonging to each should have a libra- 
tory motion from north to south, which, being combined with 
the diurnal motion produced by one of the other spheres con- 
nected with the same planet, would cause the latter, apparently, 
to describe, within certain limits of latitude, a spiral movement 
about the earth. There is no account of the manner m which 
this libration was to be effected, but it is easy to conceive that 
it might be produced in a manner similar to the movement of 
trepidation above explained, by causing the sphere of the planet 
to revolve so that a certain point on its surface may describe 
the circumference of a small circle about the pole of the ecliptic, 
while the planet itself is situated at the extremity of a diameter 
at right angles to that drawn through the said point and the 
centre of the sphere ; for then, the planet will vibrate, in an arc 
of a great circle perpendicular to the ecliptic, about the place 
of its node as, m fig. 4, the point P vibrates on each side of 11. 

Albategnius, whom we have before mentioned, was an Arabian 
prince, residing at Aracte in Syria, about the end of the mnth 
century of our era, and was apparently, a diligent observer of 
the heavens. In his treatise De Scientia Stellarum " he relates, 
after stating the result of Ptolemy’s observations for finding the 
obliquity of the ecliptic, that he himself, having carefully veri- 
fied the positions of his instruments, had repeatedly found the 
sun’s meridional zenith distance, on the days of the summer 
and winter solstice, to be 12° 20' and 59° 36', respectively; 
whence the distance between the tropics appeared to be 47° 
1.0', and the obliquity of the ecliptic, 23° 35' ; and this, being 
corrected for refraction and the sun’s parallax, becomes 23° 35' 
41" : we learn also, from the relation given by Ibn Jounis, 
that three astronomers who had observed the obhquity at Bag- 
dad, in the year 200, of Yesdyird [832 of our era] made it 
equal to 23° 33' 52" : the near agreement of these results with 
each other affords some evidence that they do not differ much 
firom the truth, and, if we compare them with the obliquity 
found by Ptolemy or Hipparchus, they present an additional 
argument in favour of the progressive diminution of that element 

•Cap. 4. 
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The observations of Albatcgnius show that Aracte must have 
been situated m about 36 degrees, of north latitude; its longi- 
tude IS said to have been 10 degrees east of Alexandria. 

Comparing the time of an equinox observed by himself with 
one of those observed by Ptolemy, Albategnius “ finds the 
interval to be 743 years 185.75 days , whereas, had the year 
consisted of 365^ days, that interval would have been 743 
years 178.73 days ; the difference between these, being divided 
by 743, gives 0 00944 days for the excess of 365:^^ days above 
the true tropical year , which, tlierefoie, he makes equal to 
365.24056 days, a quantity nearer the truth than the length 
assigned by Ptolemy, but, still, too small. By the observed in- 
equality in the length of the summer and winter half years, and 
by a method similai to that of Hipparchus, he finds the longi- 
tude of the solar apogeum to be 2® 22° 17', the mn-gimnm 
equation of the centre to be 1" 59' 10", and the double eccep- 
tncity, 0.03465, the mean distance of the sun from the earth 
being unity these quantities, though rather too great, also 
approach nearer to the truth than those found by Ptolemy. 
If Albategnius compared the place he had found for the sun’s 
apogeum with that assigned to it by Ptolemy, [2® 5° 30'] he 
must have discovered the progressive motion of that point, and 
dividmg 16° 47', the difference of the two places, by 740, the 
number of years m the interval, it would have been found equal 
to about 80 seconds yearly ; this mcludes the movement caused 
by the precession, and exceeds the truth by about 17 seconds, 
which may be easily supposed to have arisen fiom the inaccu- 
racy of the observations ; but there is no certainty that, m this 
age, such comparison was made, or that the Arabians had then 
any fixed ideas concerning the proper movements of the apsides 
or even of the nodes of the planetary orbits ; for Alfraganus, 
who also lived m the ninth century, m speaking of the general 
precession’’ ascribes it to a motion of the sphere of the fixed 
stars which (agreeably to the determination of Ptolemy) he says, 
is at the rate of one degree in 100 years , and adds that “ the 
seven planetary spheres ape turned with the same motion, so 
that the apsides and nodes revolve in consequentia, and de- 
* De Scientia Stellamm, cap. 17. ^Elementa Astron,, cap. 13. 
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scribe the circumference of the zodiac in 36000 years'’ : evident- 
ly thus excluding the opinion of a proper motion in either of 
those points. Arzachel, who lived in the beginning of the 
twelfth century, from observations still more erroneous than 
those of Albategnius, thought he perceived in the apogeum of 
the solar orbit, a retrograde movement equal to 4 degrees in 
193 years , and, combining this with the progressive motion 
found from the observations of the last mentioned astronomer, 
he supposed the apogeum to have a libratory movement which, 
with an observed variation in the eccentricity, he represented 
by making the centre of the sun’s orbit revolve on the circum 
fcrence of a small circle, while the line of the apsides moveu 
always parallel to itself, 

Albategnius seems, as Delamhre observes, to have niade no 
change in the values assigned by Ptolemy to the elements of 
the lunar orbit except as far as the motion of the sun is con- 
cerned, which, on account of the diminished value of the year, 
he makes more rapid than it had been supposed by the last 
mentioned astionomer. His observations of eclipses enable us, 
by comparison with those made in more ancient and modern 
times, to verify the mean motions of the moon i and from two 
of these, which he observed in the years 883 and 901 of our 
era, when the sun was in apogeo, and when, in both, the moon 
had nearly the same moan longitude and latitude, he finds a 
diflcrence in the true latitudes of the moon equal to 3' 50'', 
hence he calculates the visible diameter of the moon, and 
assuming, with Ptolemy, the diameter of the earth’s shadow in 
the region of the moon to be 2|- of the diameter of that lumi- 
nary, he finds the latter, in apogeo and perigeo, to be 29' 
30" and 38' 30" lespectively, and, subsequently, the sun’s mean 
distance to be 1108 semidiameters of the earth. 

We have before observed that the ancients could have had no 
correct notions of the distances of the planets from the earth ; 
and smee Ptolemy observes that their parallaxes, probably 
meaning those of the superior planets, were insensible, he must 
have thought them incalculably remote ; but we learn from 
Albategnius that the philosophers before his time, and subse- 
quently to that of Ptolemy, had assigned limits to the real or 
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imaginary spheres of the wandenng stars. He asserts “ that 
about the earth, or the centre of the universe, and ascending 
from thence, there exist the several regions of earth, water^ 
air, and fire , the last of which extends as high as 18j^ semi- 
diameters of the earth. In all the space beyond this there 
exists, he observes, an ethereal matter, or fifth essence, which 
he denominates Alacir^ not cognisable by human senses, and 
in which the celestial bodies perform their revolutions. The 
planetary spheres are said to be in contact with each others 
and the thickness of each, equal to the difference between the 
apogeal and pengeal distances of the planet itself: thus, the 
distance of the lunar apogeum from the earth being equal to 
64 Q semi-diameters of the latter, this quantity becomes the least 
distance of Mercury, or that of his perigenm ; and the ratio 
between the perigeal and apogeal distances of this planet being 
found (he states) by careful observations to be as 1 to 2 -^ 5 *, it 
will follow that the greatest distance of Mercury, and, conse- 
quently, the least distance of Venus, from the earth, is 166 
^semi-diameters of the latter. The ratio between the least and 
greatest distances of Venus is said to be as 2 to 13 ; and hence, 
the latter, which he makes the same as the least distance of 
Mars, becomes 1079 semi-diameters. The proportion between 
the least and greatest distances of Mars is said to be as 1 to 7 ; 
therefore the latter is made equal to 7553 semi-diameters : in 
like manner the distances of Jupiter and Saturn are determined, 
and the greatest distance of the latter is said to be equal to 18094 
semi-diameters of the earth. There is some mistake, however, 
in the numbers expressing the least and greatest distances of the 
two last planets ; for, if those given in the work of Albategmus 
are correct, the orbits of those planets must have been supposed 
to mtersect each other": also the least and greatest distances of 
the sun are said to be 1079 and 1137, so that the sphere of this 
luminary seems to be part of that of Mars. With respect to 
the fixed stars, it is said that twelve of them are of the first 
magnitude, and tlieir distance from the earth is supposed to be 
equal to 19000 semi-diameters of the latter ; evidently intending 
to shew that those bodies are contained in a sphere whose inte- 

® De Scientia Stellarum, cap. SO. 
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lior surface is nearly contiguous to the exterior surface of the 
sphere of Saturn. Alhategnius makes their diameters equal to 
one twentieth of the diameter of the sun, and this he considers 
as the greatest body in the universe. 

Alfraganus assumes the same hypothesis concerning the ar- 
rangement of the planetary spheres as that above described ; he 
also supposes the apogeum of each to be at the same distance 
from the earth as the pengeum of the next superior planet, and 
there is not that confusion in the situations of the spheres of the 
sun and Jupiter which is observed in the account given by the 
former astronomer ; but, except the sphere of the moon, to which 
he assigns the same magnitude that it has in 4:he system of Alba- 
tegniiis, all the spheres, if the numbers in the text are correctly 
stated, are rather more extensive , the greatest distance of the 
sun being 1220 semi-diameters of the earth, and that of Saturn, 
20110 semi-diameters This writer, in the sixteenth chapter of 
the same work, has given his determinations of the eccentrici- 
ties of the deferent spheres, and the diameters of the epicycles , 
which, however, agree, very nearly, with those obtained by 
Ptolemy, and which we have already mentioned. 

These erroneous notions concerning the distances of the planets, 
besides leading to the opinion that the shadow of the earth should 
extend beyond the orbit of Mercury, and cause that planet to 
suffer eclipses like the moon, produced some disciepancies be- 
tween the theoretical and observed values of the parallaxes ; we 
have said that Ptolemy supposed the parallax of the sun to be 
8 minutes ; and, according to the above hypothesis, the parallax 
of Mercury should have been equal to that of the moon, both of 
which are far fiom being conformable to observation ; in order, 
therefore, to diminish the errors, Ibn Jounis, at the end of the 
tenth century, enlarged the sphere of the sun, making his moan 
distance from the earth equal to 1766 semi-diametors of the latter, 
and the pengeal distance of Mercury equal to 1 15 semi-diameters , 
by which the sun’s parallax was reduced to 2 minutes, and the 
greatest parallax of Mercuiy, to 30 minutes , but botli of those 
axe still much too great, and the maxunum parallax of Venus, 
which, m reality, exceeds that of Mercury, was made equal only 

® Elementa AsUon., ca|). 21. 
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to the minimum parallax of the latter planet. About the middle 
of the twelfth century Alpetragius,' another Arabian astronomer, 
held the notion that Mercury and Venus shone by their own 
light ^ ; but this idea seems to have ansen from the impossibility 
of distinguishing them by the naked eye when they come be- 
tween the sun and the spectator, or of perceiving the crescent 
form which, if enlightened by the sun, they should assume when 
nearly in con.]unction with that luminary. Averroes, however, 
in his commentary on the Almagest, states that he saw two dark 
^ spots on the sun at times when, by computation. Mercury and 
Venus were to be in conjunction with him , and though it is 
probable that these were, merely, extensive displacements of the 
luminous matter about the nucleus of the sun, yet the opinion that 
the transits, as they have been smce called, of these planets were 
phenomena resulting from the positions of their orbits is thus 
proved to have been then entertained ; and the fact that the pla- 
nets are opaque bodies must have been considered as established. 

A fragment of a work on the Arabian astronomy, which was 
composed at the end of the tenth century by Ibn Jounis, whom 
we have mentioned above, and which has fortunately been pre- 
served in manuscript, was a few years smce translated by M. 
Caussin, and is particularly valuable since it affords the means 
of making comparisons of the elements of the sun, moon and 
planets, found by observation, at that time, with those previously 
and subsequently determined in like manner. The author of the 
work was a descendant of a noble family, and pursued his re- 
searches at Cairo under the patronage of Hakem, the Khahph of 
Egypt, to whom he dedicated an improved series of astronomi- 
cal tables. From several observed equinoxes and solstices he 
computes the elements of the solar orbit , he fixes the obliquity 
of the ecliptic, in the year 1000, of our era, at 23"^ 35', and de- 
termines the equation of the centre to be 1° 59' 10"; the value 
of the latter is much nearer to the truth than that assigned to the 
element by Hipparchus, but, as Delambre observes, it is too 
great, for the age of Ibn Jounis by 1' 10", and is not quite so 
correct as the value found by Albategnius. He makes the length of 
the tropical year, from the same observations, equal to 365 24235 
days, which does not exceed the truth by above 8 seconds. He 

• Ricciolus Almag. Nov. 
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makes the longitude of the solar apogeum equal to 2* 22° 1' 37 ', 
which is also nearer the truth than the longitude given by 
Ptolemy ; but, like the last mentioned astronomer, he seems to 
consider the apogea and nodes of all the planetary orbits to be 
stationary in the heavens, since he makes the increase of their 
longitudes equal to the retrogradation of the equinoctial points. 
He makes few changes m the elements of the lunar orbit, but, 
as he determmes the equation of her centre by meams of eclipses, 
the equation of erection remains as it had been determined by 
Ptolemy. Besides the elements of the solar and lunar orbits, 
the Arabian astronomer has given the times of several conjunc- 
tions of the planets ; occultations of stars by the planets, and a 
register of several observed longitudes of Regulus, of which, that 
made in the year 976 of our era, is eljual to 4' 15° 6'; and 
from this, by comparison with the longitude assigned by Ptolemy, 
836 years previously, the annual procession would appear to be 
54 seconds ; but if the comparison be made with the longitude 
found by Hipparchus, 1142 years pieviously, the procession 
would bo 48-^ seconds, and if, with the longitude assigned to 
the same star in the year 1820, which is 844 years from the date 
of the observation made by Ibn Jounis, the annual precession 
would be found equal to 51 J seconds ; and these two last com- 
parisons may be alleged as proofs that the observations, both 
of Hipparchus and the Arabians, were supeiior in accuiacy to 
those of Ptolemy. Albategnius had, also determined the value 
of the precession by comparing the longitudes of Bcgulus and of 
the northern star between the eyes of Scorpio [|3 Scoipioms], 
both of which were observed by Menelaus, or Mdleus, in the year 
842 of Nabonasser, with the longitudes of the same stars ob- 
served by himself in the year 1627 of Nabonasser [a. o. 880] ; 
consequently at an interval of 785 years “ ; and the conclusions 
to be drawn from the data he has mentioned are that, by the 
former star) the annual precession in longitude is 68.6 seconds, 
and by the latter, 54.25 seconds : the difference is very consi- 
derable, and proves that there must have been great errors in 
some of the observations , but Albategnius adheres to tlio last 
determination, which, however, is too groat by above 4 seconds. 
The same astronomer adds, that he found no perceptible differ 
* De Scientia Stellarum, cap. 51 , 
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ences in the latitudes of the stars; and, in fact, the 
their places with respect to the ecliptic are too smaiA ^ ^ 
been sensible in observations made with such instrumeat^ ' 

then used. * . 

i_ € i 1 i 

During the long interval which had elapsed since to.c? 
Ptolemy, it does not appear that any attempt was macl^J 
rect the errors in his tables of planetary motion which. * 
years, must have been very perceptible ; this was, * ^^1 J ^ 

done by the Arabians who, however, could only have ©aa*! 
for this purpose, equations of an empirical nature, boixi.||X 
sarily ignorant of the mutual perturbations exercised hy ^ ^ * 
moon and planets upon each other, by which so maTi>* 
variations in their movements are produced. The 
Arabian tables were, probably, those of Albategnius, wli»« 
the places of the sun and moon ; they appear to have 
posed about the year 879, and to be but an improvemeiAt 
tables of Ptolemy. The most celebrated are those of ni>xi 
which are referred to the year 1000 and, being dedicat.cf*! 
Khahph Hakem, were designated the Hakemite tables ; f At t I 
sequently to these, the tables of Toledo were calculated 1 ^ 

chel, who lived in Spain about the year 1180 It is highly | ^ t 

that, in the times of Hipparchus and Ptolemy, 
were calculated for the purpose of facilitating the invofr^t f 
of astronomers ; but there can be no doubt that the 
were in "the practice of executing such works, sine© 
alluded to in a letter of Thebith, from which it appeam 1 1 i t 
shewed the times of the new, and full moons, and predit^ i 
occurrences of eclipses. In their tables of the fixed 
no doubt, corrected the places of these celestial bodies ♦!! 
catalogue of Ptolemy by applying the amount of the j>m*#**f*f^ 
in the interval, but, as the corrections were made by »§%n 

estimated this element too highly, the longitudes they 
cannot be expected to agree with those found, for 
by computing backward, with the data afforded by 
observations. 

On contemplating the works executed by the Ariitl^itttii 
eSnnot hesitate to admit that the modem astronomy §#♦ i 
indebted to that ingenious people for the corrections tlxt % 
in almost every one of its elements, which, considc-i itij 
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short duration of their empire, could only have been accom- 
phshed by an almost uninterrupted application to the practice 
of observing the heavens : we have shewn that they had deter'- 
mined the obliquity of the ecliptic , and it is found that the 
result of their mvestigations, though affected by their error con- 
cerning the sun’s parallax, is so far conformable to the theory 
of gxavitation as to indicate the progressive diminution of that 
element; a like conformity, and a like indication is also per- 
ceived in the value^they assigned to the equation of the sun’s 
centre The length they found for the tropical year, and their 
determination of the place of the sun’s apogeum are, both, within 
a few seconds of the truth ; and their tables of planetary motions, 
being compared with those of recent construction, confirm the 
secular equation of the moon and the great inequalities of J upiter 
and Saturn. To all which we may add their many observations 
of eclipses, and of the conjunctions of planets ; their employ- 
ment of the method of fixing the time at which any phenomenon 
occurred, by the contemporaneous altitude of the sun, and the 
very accurate rule for correcting the calendar, by the intercala- 
tion of eight bissextile years in every thirty-three current years, 
proposed by Omar Cheyan about the year 1079 of our era; and 
the whole will fiimish a very iuteresting picture of the learned 
labours performed by this remarkable lace of men within little 
more than two centuries : during this brief period their science, 
as well as their political power, gleamed like a meteor and then, 
suddenly, vanished from the sight. 

The immense size of the instruments used by the Arabians 
must have given them advantages over the ancient astronomers 
with respect to the accuracy of the observations ; it is said that, 
in the year 995, the obliquity of the ecliptic was measured with 
a quadrant whose radius was 15 cubits ; and in 992, with an 
instrument whose radius was equal to 40 cubits, or about 58 
feet : but it may be doubted whether, in general, the advantages 
are proportional to the magnitude of the instruments, from the 
difficulty which must attend the performance of the requisite 
adjustments 

In this glance at the works of the Arabian astronomers we 
must not omit to mention that they corrected their observations, 
at least when made on celestial bodies near the horizon, on ac- 
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cotint of the refraction of light m the atmosphere , and this con- 
tributed materially to gire them a superiority in point of accuracy 
over those of the Greeks. It is true, that the phenomena of re- 
fraction must have been known to Ptolemy, since he speaks of 
them in his Work on Optics, but he does not notice the subject 
in the Syntaxis where the application of it would have been of 
great importance ; and thi^ has induced an opinion that he had 
not discovered those phenomena till after the composition of that 
work ’ it is evident, therefore, that tlie observations made by this 
astronomer, as well as by aU those who preceded him, on the appa- 
rent places of stars, must be affected by tins cause of error. 
It IS worthy of observation also, that some of the phenomena 
of the refraction of light must have been loiown before the time 
of Ptolemy ; since Cleomedes ^ makes an allusion to the well- 
known experiment of rendering visible a ring, or other object, 
when placed in a vessel, by filhng the latter with water : this is 
the first notice extant concerning the effects of refraction , but 
it is connected with the erroneous notion, prevalent among the 
ancients, that in vision, the lays of light proceed from the eye 
to the object. Alhazen, the author of a treatise on refraction, 
was the first wiiter who gave a reason for the apparent magni- 
tude of celestial bodies m the horizon , he ascribes it to a tacit 
judgment foimed by the mind from the idea which, in that situ- 
ation, is entertained of great distance ; and this, he observes, is 
excited by the number of terrestrial objects then perceived be- 
tween the celestial bodies and the spectator 

The astronomy of the Arabians was, at the decline of the em- 
pire of the Khaliphs, and about the time of the revival of learning 
in Europe, cultivated in the noithem part of Persia : from an 
Arabian MS., the wnter of which lived intlie thirteenth century, 
we learn that a grandson of Gengis-khan took into his service 
Nassir-Edm, an Arabian or Syrian astronomer, by whose direc- 
tion an observatory was built at Maragah where, from the year 
1261 , were made a number of celestial observations which the 
mathematicians of the prince used for correcting the tables of 
Ptolemy; these new tables were afterwards published and, being 
dedicated to the Tartarian Prince Ilchan, they, from him, received 
the denommation of the Ilcanic tables. The observatory itself 

* He Mundo, Lib. II cap 5. 
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was a remarkable structure, since it formed a great sun-dial, be- 
ing crowned with a dome, having an opening through which the 
rays of the sun passing, indicated the hour of the day and the 
altitude of the luminary. The instruments used in the observa- 
tions appear to have been similar to those of Ptolemy and the 
Arabians ; the writer of tlie MS., in enumerating them, mentions 
an armillary sphere which was to be employed when the celes- 
tial body was not on the meridian, and on whose alidade he pro- 
poses that there should be a tube to protect the eyes ; probably 
meaning that it should contain some coloured transparent sub- 
stance similar to the dark glasses at present employed when 
viewing the sun. In describing an instrument to measure the 
diameter of the moon, he says its alidade should carry two plates, 
of which that next to the eye should have a small aperture 
pierced in it ; the other, a larger, and the latter plate should be 
moved forward or backward till the full moon exactly filled its 
apertnic , then a scale graduated on the alidade served to deter- 
mine the value of her diameter 

The last circumstance of importance connected with the astro- 
nomy of that part of the world is the construction of a magnificent 
observatory at Sainarcand, about the year 1400, by Ulugh Bey, a de- 
scendant of Tamerlane : this prince caused the obliquity of the eclip- 
tic to bo measured with a gnomon of gieat dimensions, and a cata- 
logue of stars to be formed , in the preface to this work, it is stated 
that there are eight stars marked in the catalogue of Ptolemy 
which could not then be found in the heavens, and among these 
arc mentioned six unformed stars near the southern fish. Bailly 
observes that those six have not since been marked in any cata- 
logue ; whence he thinks it probable tliat they may have disap- 
peared between the times of Ptolemy and Ulugh Bey, for, since 
four of them were, according to the former astronomer, of the 
third magnitude, it is not likely that they would have found a 
place in his catalogue if they had not then been visible in the 
heavens. A work on astronomy, composed by order of the Tar- 
tarean prince, was, in 1665, translated by Greaves and Hyde : 
it contains a series of tables which were considered preferable to 
those of Nassir-Edm, and are admitted by Delambre to be tole- 
rably exact for the ago in which they were computed. 
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CHAPTEE XV. 

THE ASTRONOMY OF THE ANCIENT HINDUS. 

The antiquity of the Hindu astronomy inferied from their tables. — The 
four Hindu ages supposed to be founded on astronomical periods — Probable 
source of the eastern fables concerning the renewals of the earth. — Situation 
of the point at which the Hindu zodiac commences. — Length assigned by 
the Hindus to the solar year — Epochs of Hindu tables. — Erroneous value 
assigned by the Hindus to the precession. — Observations on the elements of 
the Hindu Tables — The planetary system of the Hindus similar to that of 
the Greeks. — Instrumental observations were made by the Hindus.— Lunar 
penods known to this people — Piobability that the Hindu astronomy is 
formed by improvements on that of the Chaldeans, Gieeks and Arabians. 


The great antiquity of the Hindu astronomy has been the sub- 
ject of much discussion among the learned of Europe ; on the 
one hand, the evidence ajfforded by the tables brought from the 
countnes on this side of the Ganges leads to an opinion that the 
science had been cultivated there long before the Noachian 
deluge is supposed to have taken place , and on the other hand, 
the entire absence of all notice of these tables and, indeed, of 
any circumstance connected with the science or history of a pe- 
riod so remote, not only in any Sanscrit writing known to exist, 
but in any document relating to the learning of the neighbouring 
countries, Assyria and Peisia, where the practice of observing 
the heavens, m very ancient times, was diligently pursued, and 
where such works, if then in being, could not have been un- 
known, gives rise to a well-founded suspicion that the tables may 
have been fabricated in a later age. We are to add to this, and 
the fact is highly confirmative of the suspicion, that in the immense 
interval between the epoch of the tables and the probable ongm 
of the modem astronomy in India, no traces appear that the 
science was cultivated in that part of the world, where yet it is 
supposed to have been, previously, brought to a state of great 
perfection. Even if we admit all that has been alleged con- 
cerning the antiquity of astionomy , since every monument of its 
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existence must have perished when the first philosophers firora 
Europe visited the East, that science was, to them, as though 
it had never been ; it was to he anew discovered, and its gradual 
nse can only be traced in the few accounts which have been 
transmitted to us, of the Egyptians, Chaldeans and Greeks. 

But if the astronomy of the Hindus pretends to an antiquity 
which must be allowed to be of a doubtful character, their chio- 
nology, if understood literally, goes back beyond all the limits 
of probability. In the Institutes of Menu, the most ancient 
Sanscrit work in existence, and which Sir William Jones sup- 
poses to have been written 880 years Before Christ, is a passage 
from which we learn that this people supposed there had been, 
and would contmue to be, an mnumerable succession of periods 
of time, each consisting of many millions of years, and each 
terminated by a destruction and a re-formation of the universe. 
These periods are divided into yugas or ages of various lengths, 
but aU of them are multiples of the least, which is called the 
Cali-yuga, and is said to be equal to 1200 years of the gods, each 
of which the Hindus pretend to be equal to 360 years of man- 
kind , one of the latter years being supposed to be a day of the 
gods, and 360 such days constituting one of their years, ac- 
cording to this mode of reckoning, tlierefore, the Cali-yuga 
should consist of 432000 common years. Ten of these periods 
constitute one Maha-yuga, and one hundred or one thousand 
Maha-yugas, for the number is variously slated, make the period 
called calpa, which is said to be one day of Brahma. The 
Hindus suppose the present world to have been created at the 
commencement of this last period, and nearly half the period to 
be now past. The Maha-yuga is divided into four parts, of 
which the most ancient, called Satya-yuga, or the golden age, 
consists of four Cali-yugas j the next, called Tr6ta-yuga, or the 
silver age, consists of three , the third, called X)w4par-yuga, or 
the brazen age, of two; and the fourth is the Cali-yuga, in 
which we live ; this is denominated the iron, or corrupt age ; 
and these denominations afford another proof in addition to the 
many that may be offered of the propensity of men to consider 
the world as having deteriorated in the course of time , and their 
own, as worse than any of the preceding ages. 
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All Europeans who have commented upon these Hindu pe- 
riods agree in considenng them as astronomical, but they differ 
much in their manner of interpreting them ; an imperfect know- 
ledge of the retiogradation of the equinoctial points, which the 
Hindus, like the Arabians, supposed to be at the rate of 54 se- 
conds yearly, might have led to an opinioii that those points 
performed a revolution through the ecliptic in 24,000 years ; and 
this period, multiplied by 18, which is the number of years ex- 
pressing nearly the time of a revolution of the moon’s nodes, 
would have given 432,000 years, the value of the fundamental 
cycle above mentioned: and Mr. Davis, in a dissertation on the 
astronomical calculations of the Hindus argues, from passages 
in the Sourya Siddhanta, that the Maha-yuga is a period formed 
by the continual product of the times expressing the periodical 
revolutions of the equinoxes, of the moon’s nodes and apogeum: 
he also considers the Calpa to express, in like manner, the time 
to elapse between two consecutive conjunctions of all the planets 
with their nodes and apogea, at the commencement of the zodi- 
acal constellations. The values, moreover, which have been 
above assigned to the Hindu cycles do not appear to have been 
universally adopted in India ; for, according to Mr. Crawford 
the Hindus of Bali estimate the Maha-yuga at 15,025 years, in- 
stead of 4,320,000 years ; and this period has, very probably, 
been formed from some erroneous determination respecting the 
movement of the eqmnoxes. 

But though we should admit that the values of the above periods 
may have been given for those of certain astronomical cycles, it is 
no less probable that they have some relation to circumstances 
in the political history of the Hindus , the division of time into 
four ages is not peculiar to the people of Indian indeed it was 
universally adopted by the ancients, and the periods in all cases 
seem to have designated the durations of particular races of 
sovereigns. Thus, in the fabulous chronology of Egypt given 
by Manetho, we find mention made of three ages, preceding 
those of the historical times, during which the throne of the 
country was said to have been occupied by gods, demi-gods and 
Manes: firom the Zend-Avesta we learn that the ancient Persians 
* Asiatic Researches, vol. ii. ^ Ibid, vol xm. 
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appropriated the three first of the four ages into which, as it is 
asserted, the supreme Deity had divided the duration of the 
world, to the Divis, the Pens and men , and the Hindus place 
in the three first of the above mentioned periods, respectively, 
the reigns of Gods, of Pidar Dcvata and of men : even the 
Chinese appear to have made a similar appropriation of the divi- 
sions of time, for, according to Pere de Mailla, three royal races 
are pretended to have succeeded each other in their country ; 
the Tien-hong, or Idngs of heaven ; the Ti-hong, or kings of the 
earth, and the Gin-hong, or kings of men , and these last are said 
to have terminated with Fohi The four ages mentioned by 
Hesiod^, in which Jupiter successively created and destroyed 
four races of men, are familiar to every classical scholar 

That the ongin of the earth may be placed far beyond the 
epoch of our earliest histones, geological facts seem to prove ; 
but, as no fossil remains of the human race are found, we have 
no reason to believe that the earth was the abode of man before 
the period assigned to his creation in the books of Moses * it is 
not, however, surprising that the ancients, if they held from 
tradition or otherwise, that the creation of the earth or universe 
had taken place in times very distant irom their own, should 
have considered the human race to have existed also from a 
period equally remote , since a world unoccupied by intelligent 
beings must have appeared to be a work of the Deity without 
an object. The present state of the earth affords also indubitable 
evidence that it has been subject to several grand convulsions 
by which its external surface has been remodified ; and we may 
reasonably suppose, that the time immediately preceding the 
creation of man was the epoch of one of these convulsions, 
while that of the Noachian deluge may be considered as marking 
the occurrence of another. Some early intimations of these 
changes, or a view of the constitution of the earth near its sur- 
face may, it is easy to conceive, from the propensity of man- 
kind to multiply and embellish every natural circumstance of an 
extraordinary nature, have led the Hindus and Persians of old, 
to invent the fables related in their writmgs concerning the 


* Opera et Dies. 
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vicissitudes expeneuced on the earth. Thus, among the former 
people, may have originated the story that the world was re- 
newed, after a deluge, at the commencement of each menu, or 
period of 12,000 years, of which periods, it is said, the present is 
the seventh ^ The author of the Persian manuscnpt, Modpnel^ 
supposed to have been written in the twelfth century, also 
relates, from a work ascribed to Zoroaster, that the Supreme 
Deity had fixed 12,000 years for the renewal of the world , that 
the world remamed free from evil durmg 3000 years, when 
Ahriman appeared, and then, during the next 3000 years pre- 
vailed a state of unmixed evil ; from the end of the last penod 
to the present time, the good and evil are said to have been 
blended together ^ that there is some connection between the 
Hindu and Persian legends seems probable, from the equality 
of the penods just mentioned ; and from the circumstance that, 
in one of the latter, according to Wilson, the bird Simurgh is 
introduced tellmg Caherman she had hved to see the earth seven 
times filled with creatures. 

The observed movements of the sun and moon had anciently 
led to the measurement of short periods of time, as days, months 
and years, within which, many of the processes of nature are 
contmually renewed, and it was natural to conclude, by analogy, 
that the general conjunctions of the planets and the revolutions 
of their nodes and apsides were epochs of the physical changes 
undergone by tlie earth itself. 

Several works composed in the Sanscrit language and relat- 
ing to the astronomy of the Hindus, have lately been made 
known to the Europeans, and of these, the most ancient extant 
is the Sourya Siddhanta, which is pretended by that people to 
have been revealed from Heaven two millions of years since, 
but which, from the composition of the tables it contains, and 
from the evidences afforded by their own histories can be shewn 
to have been written long since the commencement of the 
Christian era. Mr. Bentley, in a paper on the Hindu systems 
of Astronomy has exammed the tables , and from the different 
elements of their construction, (among which are the assigned 

* Wilson on the Chronology of the Hindus. Asiat. Research. voL v. 

^ Zend. Avesta, Tom. II. Art. Boundehesch. 
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length of the year, the places of the planets, of the apogea of 
the sun and moon, and of the moon’s nodes,) by comparison 
with the same elements computed from modern tables for diffe- 
rent periods, he finds that the errors of the tables are the least 
at two epochs which are the years 499 and 999 After Christ ; 
then, arguing that the errors of astronomical tables, if the elements 
are determined firom observation, should be the least at the epoch 
for which they are formed, he infers that the tables and, conse- 
quently, the worh itself may have been composed at a time not 
earlier than one or the other of these periods. It is to be ob- 
served that the Bhasvotee^ another astronomical work, was, ac- 
cording to Bentley, composed about a. D. 1100 by Sotomund, 
who, it IS alleged by the Brahmans, was a pupil of Varaha 
Mihira, the supposed author of the Sourya Siddhanta , and this 
circumstance would seem to shew that the latter astronomer 
lived, and that the Somya Siddhanta was written about a. d. 
1000, the last of the two epochs deduced from the tables, but 
Varaha is thought to have flomished at the earlier period, and, 
in a commentary on the work, the latter is expressly asenbed to 
him% the difficulty may, however, be removed by supposmg 
that, in designating Sotomund as the pupil of Varaha, the Brah- 
mans only meant that he was a disciple, m a subsequent age, of 
the school founded by that astronomer. Mr. Bentley also remarks 
that, from observations recorded in the Parasan Sanhita, 'com- 
pared with others made by Brahma Gupta, the author of an astro- 
nqmical work entitled Brahma Siddhanta, in which Varaha is 
quoted by name, the solsticial coliue had retrograded 23® 20' 
in the interval between the observations : he supposes vtqth the 
' modem Brahmans that Brahma Gupta lived about A- D* 527 ; 
and as the above retrogradation corresponds to a period of 1680 
years, it follows that the more ancient observation must have 
been made about the year 1153 b. c., and that Paiasara must 
have flounshod in the same age. 

If the statements made in the Sourya Siddhanta may be de- 
pended on, we have the means of fixing with precision the point 
in the ecliptic which tlie Hindus considered as the ongin of 
their fixed zodiac: since, according to Bentley, it is there assert- 
“ Asiatic Researches, Vol, VIII. 
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ed that the year 8601 of the Cali-yuga [a d. 499,] began pre- 
cisely at the vernal equinox; which is conceived to imply that 
the sun was then at the commencement of flie zodiacal constel- 
lations, and that the latter was in coincidence with the equinoc- 
tial point, because, it is known that the astronomical year of the 
Hindus was sidereal, and that it was the practice of this people 
to consider the amval of the sun at the origin of the zodiac as 
the commencement of the year. Now, between a. d. 499 and 
A. D. 1820, [1321 years] reckoning the precession to be 50 ".1 
yearly, the equinoctial pomts must have retrograded 18° 23' 3", 
and, as the longitude of Aldebaran at the latter period is known 
to have been 67^^ 16' 27", it is evident that, at the fonner, the 
vernal equinox, and the origin of the Hindu zodiac must have 
been situated 48° 53' 24" westward of that star ; that is near 
i Piscium, or about 12 degrees westward of the first lemarkable 
star in the constellation Aries. And, again, computing the re- 
trogradation of the equinoctial points for 3601 years, which are 
supposed to have elapsed between the commencement of the 
Cali-yuga and the year 499 of our era, we find it to be 50° 6' 
50", or the vernal equinox was, at the former period 1° 13' 26" 
eastwaid of Aldebaran. The place thus found for the origin of 
the fixed zodiac agrees veiy nearly with that deduced from an 
observation of Brahma Gupta, for, according to Bentley, that 
astronomer makes the longitude of Spica Virginis equal to 6* 
3°, which indicates the beginning of the sixth century, and as 
the difference of longitude between this star and Aldebaian is 
known to be 4® 14° 3' 22", the longitude of the latter, or its dis- 
tance from the ongin of the zodiac, at the same epoch, must 
have been 48° 56' 38". 

But M. le Gentil learned fi’om the Brahmans of Triavelore, a 
town on the coast of Coromandel, that 20,400 years before the 
commencement of the Cali-yuga, the fixed origin of the Hindu 
zodiac was in coincidence with the vernal equinox, when, also, 
the sun and moon was in conjunction , and that a like coinci- 
dence of the fixed and moveable zodiacs took place in the year 
3600 of the same period : now the sum of these is 24,000 
years, within which the equinox must have been supposed to 
* Bailly Astron. Ind. Chap. VIII. Sect. 5. 
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retrograde through the whole circurafereuce of the ecliptic; con- 
sequently, they must have considered the annual precession as 
equal to 54 seconds , and, between the origin, and the year 3600 
of the Cah-yuga, the equinoctial points must have been sup- 
posed to letrograde 54 degrees, which implies that the vernal 
equinox, at the foimer time, (3101 n. c.,) was situated at the 
distance of 5^ 6' 36"' eastward of Aldebaran, instead of 13' 26" 
as found above. The difference is neaily 4 degrees, but it is 
impossible to determine whether it is caused by any error in the 
account given by Vaiaha, or in that which vas communicated 
to Le Gentil * it is evident, however, that the coincidence as- 
serted to have taken place, at the most ancient epoch, is only a 
lesult of computation, arrived at by reckoning backwards, fiom 
that mentioned by Varaha, with the erroneous value of the pre- 
cession which the Brahmans had obtained by othei means- 
M. Badly admits that the epoch itself is fictitious, and formed 
from the supposed discovery that, in 20,400 years, theic are 
very neaily 272,724 complete revolutions of the moon 

From the place assigned to the winter solstice, by the Persian 
astronomer, Omar Cheyan, who lived in the year 1079 of our 
era, M. Badly finds by computation, that at the supposed in- 
vention of the Persian calendar, which he places in the year 
3507 Before Chiist, this point was m the 13th degree of the 
"constellation Aquarius, while, at the same period, the corre- 
sponding point m the tlindu zodiac was m the first degree of 
the same constellation , and because, with respect to the fixed 
stars, the commencement of the Persian zodiac then coincided 
with that of the zodiac in the modem astronomy, he infers that 
the latter was adopted from the former ; but when we consider 
the unceitain ground on which this supposed antiquity of 
the Persian calendar rests, we are forced to conclude, that tliis^ 
derivation of the European zodiac is nearly destitute of proba- 
bility. 

A representation of a Hindu zodiac was brought by M. Le 
Gcntil to Europe, and is desciibcd in the Memoire$i de V Acade- 
mic des Sciences for 1772. It is divided ^ into twenty-seven nac- 

Astron Indienne, Disc. Prel. pag cHv. and Cli. ix. Sect 32. 

^ Ibid. Chap. V. sect. 30. 
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shatras, or constellations, and each division is, of course, equal 
to IS" 20': one of them, denominated Rhonini, is distinguished 
by five stars, the easternmost of which, being the most remark- 
able, is supposed by Bailly to indicate the beginning or end of 
one of the said constellations, and he decides that it must be the 
end of the fourth, but four such divisions are equal in extent 
to 53'’ 20' ; hence it would follow, that the star reju-esents Alde- 
baran, which, as we have shewn above, is about 49 degrees 
eastward of the fixed origin of the zodiacal constellations ; and, 
as the equinox is, in the monument, placed a httle eastward of 
the star, it follows that it is about 54 degrees eastward of the 
commencement of the fixed zodiac ; whence the epoch of the 
monument would appear to correspond with the commencement 
of the Cah-yuga : but the fact that the above star is really to 
be considered as Aldebaran, is evidently very doubtful , and, 
consequently, no rehance can be placed on the above conclusion. 
The division of the zodiac into twenty-seven constellations 
seems to have been but partially adopted in India ; for m the 
wntmgs of the Hmdus, the number of nacshatras is generally 
made equal to twenty-eight, which is that of the lunar mansions 
in the astronomy of the Persians and Arabians. In their astro- 
nomical tables It appears, from the rules prescribed for finding 
the longitude of the sun, that the zodiac was also divided into 
12 signs of 30 degrees each, like the zodiac of the Greeks ; and 
each sign has been divided into three parts of 10 degrees each, 
hke the decani of the western astrologers. 

The same rules shew, also, that the astronomical year, both 
solar and lunar, was, by that people, divided into 360 fictitious 
days; and that the former was divided into twelve unequal 
months, so that each astronomical month contained the same 
number of days and fraction of a day that the sun takes to pass 
through each sign: a sexagesimal division of days, hours, &c. 
is also employed. But all the Hindu tables are formed on the 
sfipposition that the length of the sidereal year is equal to 365 
days, 6 hours, 12' 30"; and, as the annual precession of the 
equinoxes is also supposed to be 54 seconds, the tropical year 
must have been considered equal to 365 days, 5 hours, 50' 35" . 
it IS not known that this kind of year was, at any time, used in 
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India for civil oi scientific purposes, but it is evidently implied 
in tlic lum-solar period containing 19 years, or 228 solar 
months, v^^hich, in the Siamese astronomy, as in that of the 
Gieeks, is made equal to 235 lunar months: each of these 
lunar months is proved by Cassini, from the precepts delivered 
in the tables brought from Siam, to^be equal to 29 days, 12 
hours, 44'; whence he finds that the value of the tropical year 
must have been supposed equal to 365 days, 5 hours, 55' 14", 
which differs by only about 2 seconds from that found by Hip- 
paichns and Ptolemy, from whom, we suspect, the above periods 
were bon owed. The present value of the tropical year, m- 
ci cased by 10 seconds, which, according to La Place, is the 
amount of the diminution of its length in the time elapsed since 
the commencement of the Cali-yuga, gives, for the value of the 
year in that age, 365 days, 5 hours, 48' 58", which is less than 
the supposed determination of the Hindus by 1' 37" only. If 
this IS to be considered as a pi oof of the accuiacy of then 
equinoctial oi solstitial observations, it will be evident that the 
value of their sidereal year, which is an impoitant element m 
thou tables, and which they made too great by 3' 18", was 
merely computed, finm that of the tropical year, by applying the 
erroneous precession [54"], and then it will follow that the 
constmetion of the tables was subsequent to the adoption of 
this value of the precession, which, in all probability, belonged 
originally to the Arabian school. 

Of the asti Gnomical tables received from India, the epoch of 
that which was brought by M. Le Gentil from Triavclore, 
boasts the highest antiquity, as it coincides with the commence- 
ment of the Cah-yuga, or rather with the second day after that 
commencement, and is found to conespond with the midnight 
between the 17th and 18th of February, in the year 3102 
Before Christ: this particular year is known from the statements 
of the Brahmans themselves, who, according to Sii William 
Jones % assert that the year 1790 of our era coincided with the 
year 4891 of that cycle. We do not pretend to lay much stress 
on chronological coincidences, but Badly considers that the 
date above assigned to the oiigin of the Hindu period is strongly 
“Asiatic Kes. vol. II. 
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confirmed by the fact, that the number of years which elapsed 
between that period and the times of Nabonassei and Yesdijird 
respectively, agiee with those alleged by George of Tiebizond 
to have intervened between the deluge of Noah and the last two 
epochs: now, as the Cah-yuga is said by the Hindu writers to 
have been pieceded by a deluge, it seems to follow that the two 
deluges are identical, and, consequently, that the origin of the 
Caii-yuga and the deluge of Noah are to be refeired to the 
same time, that is to the year 3102 Before Christ. But it should 
be observed that Bailly supposes his years to consist of 365 days 
only, and that this epoch is earlier by five or six hundred years 
than the date assigned to the general deluge by the com- 
mentators on the Hebrew Scriptures. 

The epoch of the tables brought from Siam in 1688 by M. 
He la Loubiere, the French ambassador to that country, is found 
by Cassini to correspond with the time of the vqiHal equinox 
in the year 638 of our era, and those of two other sets of tables, 
which were sent from Chnsnabouram and Narsapoiir, are fixed 
foi the years 1491 and 1656 respectively. The forms of these 
Hindu tables differ, but the elements of all appear to be the 
same; and it is thought that they were originally calculated for 
one meridian, which is that passing through Tiiavelorc. The 
tables brought from hence assign the places of the sun and 
moon at the epoch, their mean movements and those of the 
planets, they show the obhqmty of the ecliptic, the length of 
the sidereal year, the equation of the centre for the sun and 
moon and the precession of the equinoxes , and they state that, 
at the same epoch, the sun, moon and all the planets were in 
conjunction. Now the longitudes assigned to the sun and moon 
differ but little from those determined for the year 3102 Before 
Christ by computing bach, with the modem tables , but Bailly, 
calculating the places of the planets for the same epoch, or 
rather for fifteen days after it, (because the sun, at the time of 
the epoch, being supposed in conjunction with the planets, his 
light would have rendered them invisible,) finds that, except 
Venus which was on the opposite side of the heavens, all the 
other planets were within 17 degrees of the equinoctial pomt , the 
moon was then in opposition and, consequently, at the epoch, 



THE ANCIENT HINDUS. 


325 


XV ] 

she also was in, or nearly in conjunction. Now it must be 
admitted that the absence of one, only, of the planets and the 
presence of the others within 17 degrees of a certain point in 
the heavens might, to ordinary observers, be sufficient to jus- 
tify the assertion that they were all in conjunction ; but the 
coincidence of the places of the planets, determined by calcula- 
tion, with those stated to have been observed, is a veiy insuf- 
ficient proof of the leality of the obseivation, because, within 
such limits as those above specified, the Hindus might easily 
have computed a conjunction of the planets by using the Pto- 
Icmean or Arabian tables, which there is nothing to prevent us 
from supposing they had received before the existing tables of 
Tiiavelore were foimecl. 

The latter tables, whose epoch we have said is more ancient 
than those of the otheis, aie acknowledged to be more coirectly 
constructed than the tables of Chrisnabouram, winch aic believed 
to be more modem by 4600 years, foi Bailly observes^ that 
these contain an empirical equation which is employed in de- 
termining the elements of the moon’s orbit, and it is found that 
the elements thus determined agree very nearly with those ob- 
tained directly from the former tables , the inferences, therefoie, are, 
that the Chiisnabouram tables could not have been computed 
from those of Tnavelorc, since, in this case, no such equation 
would have been icquired, and that the latter tables aie the 
moio modern of the two. To avoid this conclusion Bailly is 
compelled to allow that the Tiiavelore tables have been rec- 
tified by new observations since their oiigmal construction , but 
this being admitted, all confidence in the alleged antiquity of 
the tables is dcstioyed, and it will be as easy to admit that the 
construction itself is of lecont date. It is alleged by the Brah- 
mans themselves that in the days of Salivaganam, wdio lived in 
the year 3179 of the Cali-yuga, or in the year 78 of our era, 
their astronomy underwent a complete change and, if the epoch 
of that prince be correctly stated, it affords a presumption that 
the reformation took place by the introduction of the discoveries 
of Hipparchus. 

The estimates formed by the Hindus of the movements of 
“ Abti Ind. Chap. II sect. 24. 
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the equinoctial points appear to have been as unccitain as those 
of the Aiabians, horn which, indeed, they do not materially 
differ. Mr. Colebrook states % that according to Bhascara, (who 
wrote in the twelfth century of our era,) m his descripUon of 
the armillary sphere, “ the equinoctial points levolve, in retro- 
grade order, three myriads in a calpa” ; meanmg, piobahly, that 
30,000 complete revolutions take place in that period ; and, if 
we suppose the latter to consist of 432,000,000 years, as before 
shown, the expression will imply that the points retrograde at 
tlie late of one degree in forty years. But, on the authority of 
the moio ancient astionomer Munjala, Bhascara relates that 
a revolution of the colures through the twelve signs takes place 
at the rate of 59" 54'" yearly, or of one degree in 61 years: 
except Munjala, however, it appears that Vishnu-Chandra is 
the only Hindu author, more ancient than Bhascara, who is 
thought to have mamtained the opinion that the motion of the 
equmoxes was constantly retrograde , and we have before stated 
that, fiom a work ascribed to Aryahhatta, and quoted by Mu- 
niswara, as well as fiom passages in the Sourya Siddhanta and 
other works, probably of the same age as this last, the notion 
of a hbration of the equinoctial points, within the liimts of 24, 
or 27 degrees on each side of then mean places, was long pie* 
valent in India; in fact, Mimiswara himself, who wrote a com- 
mentary on Bhascara’s work, and tlicrcfore must have lived m a 
later age, rejects the doctrine of the latter author, and asscits 
the reality of the hbration. But nothing of this kind appears in 
the astionomical tables of the Hindus, m all of which the pre- 
cession of die stars in longitude is supposed to he uniform, and 
at the rate of 54 seconds yearly ; and the comcidence of this 
value witli that given in the works of the Arabian astionomcrs, 
can only bo accounted for by supposing tliat this olomont had boon 
adopted from those works without examination ; for if we allow 
tliat the ahovo-mcntioiiod tables are loimed from data afforded by 
a long series of observations, agreeably to die hypothesis of the 
advocates for the antiquity of the Hindu astronomy, a more cor- 
rect determination of the element must have been obtained by a 
comparison of the places of any one fixed star, when found at 
* Ahiat. Ees. vol. XII 
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long intervals of time. It has been supposed that, previotisly 
to this adoption, the Hindus used a value of the precession 
equal to that stated by Ptolemy 5 for, according to M. De 
Gmgnes, there is an account, in a work of the Arabian writer 
Massoudt, that the Hindus had been taught astronomy by 
Brahma, who showed them that the sun (at the times of the equi- 
noxes or solstices) remained 3000 years in each sign of the zodiac, 
which supposes that a complete revolution of the equinoctial 
points was accomplished in 36,000 years, and that the annual 
piecession was 36 seconds. That the Hindus had, at one 
time, a nearly correct knowledge of the precession, has been in- 
ferred from a passage cited by Ricius®, out of the Jewish writer, 
Abraham Zacuth, who lived in the 15th century, where it is 
said that, accoiding to the Hindus, there are m the heavens 
two stars diametrically opposed to each other, which describe 
the circuit of the zodiac m 144 years, contrary to the order of 
the signs , now if there be a mistake in the direction of the 
motion, and we are allowed to read according to the 07 der of the 
sig 7 is; and if, besides, we suppose with Bailly, that the years 
are periods, each equal to 180 common years, like those said to 
have been in use among the Monguls and Chinese, the revolu- 
tion would have been performed in 25,920 years, which is the 
time of a revolution of the fixed stars with respect to the equi- 
nox, at the rate of 51 seconds annually, and is not far feom the 
truth. It is evident that these hypotheses rest on no sohd 
foundation, but there can be no reason to doubt that the Hindus 
had discovered, or taken from the works now lost, of Chaldean, 
Egyptian, or Greek writers, a certain value of the precession; 
and it is piobablc that the vanablc duration of the yugetSy or 
periods in which the numbers of revolutions are said to have 
taken place, mistakes in the numerals, and in the direction of 
the motion, besides other causes, have produced that confusion 
in this element which we find in their writings. At the time of 
the construction or refoimation of the tables, the Hindus pro- 
bably adopted the value of the precession which had been deter- 
mined by the Arabians. 

In examining the elements of the sun, moon and planets, 
» Tiraetdtus de motu octavse sphaerae, cap. ix. 
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coTitEiiixicd iR tliG Hindu tublcs^ wg shnll find tliAt tliG pioofs of 
antiquity drawn from comparisons mado with the values assigned 
to those elements by late observations, or by computations 
founded on tbe theory of gravitation, are liable to great un- 
certainty and may, even, be considered as destitute of any 
foundation, partly because the coincidences do not hold good m 
all the elements and partly, because, in those which have been 
observed, if the necessary corrections had been made, the enors 
would have been more considerable; to which we may add that 
a near approach to coincidence, when the variations of an 
element amount only to a few seconds in many centuries, does 
not constitute, within narrower limits, the determination of a 
particular epoch. This is the case with the length of the 
tropical year abovementioned, which has been shewn to differ 
from its true value by 97 seconds only , for since, from the 
epoch of the Cali-yuga to the present time, that is dimng above 
4900 years, the whole decrease m the length of the year is but 
10 seconds, the above error which, if considered alone, might 
appear inconsiderable, is really far greater than the diminution 
due to the whole of that long penod; and the supposed length 
of the year, instead of corresponding, nearly, to the epoch of 
the tables, indicates one which is above 45,000 years from our 
times. 

Again, from the same tables we find that the obliquity of the 
ecliptic is stated to be 24 degiees" and, by computation, it is 
found that, at the epoch of the tables, it was really equal 
to 23" 51'; the eiror, which is but 9 minutes, appears but small, 
but, as the diminution of that clement is at the rate of 50 
seconds in a century, that oiror corresponds to neaily 1100 
years in time, and if we could suppose the value given in the 
Hindu tables to be accurate, the observation on which it is 
founded must have been made so much eailier than that epoch. 
But it is much more piobable that the 24 degrees had been 
assumed for the sake of the exact number, and it should be 
observed tliat the same value was given to the element by the 
earliest astronomers among the Greeks. An objection founded 
on the slow change of value in the element, may, also, be 
urged against the argument for the antiquity of the tables, drawn 
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from tbe value of the moon’s anomalistic revolution, which is 
shewn to agree, within one third of a second, with that deter- 
mined by recent calculations made for the commencement of 
the Cali-yuga. Bailly suggests that the two former elements, 
the length of the year and the obliquity of the ecliptic, may 
have been determined from observations made long before that 
period, but there is no one age to which both can be referred, 
and it is incompatible with the opinion that the Hindu astro- 
nomy was in an advanced state when the tables were formed, to 
sup]pose that theie may have been introduced in those tables 
the values of elements belonging to diflerent epochs. 

The maximum equation of the sun’s centre, taken by Bailly 
from the tables of Narsapour and Chnsnabouram, and supposed 
by him to coincide with that which is involved in those of 
Tiiavelore, is 2’ 10' 30'', while by late observations it is found, 
in the present age, to be only 55' 30" , now the diminution 
of this element is known to be at the rate of about 15 seconds 
in a century, and the inference is that the epoch at which 
the above value of the element held good is about 6000 years 
since. But it is obseived by La Place that, as the Hindus 
determined the elements of the solar orbit by means of the 
eclipses of the sun or moon, their equation of the centre should 
include the moon’s annual equation, which is 11 minutes, and 
this would reduce the above value to 1'’ 59' 30", which would 
give, for the epoch of the tables, the year 200 of our era. 
Nearly the same epoch is found from the place of the sun’s 
apogcum which, by the times of the continuance of that lumi- 
nary in each sign of the zodiac, given in the* tables, appears to 
have been somewhere in Gemini while the longitude of the 
apogcum, in the piesent age, is 3® 9’ 30', and the rate of its 
motion with respect to the equinox is about 68 seconds 
annually. 

M. Bailly is not more fortunate in the conclusion he draws 
from the determination made by the Hindus of the moon’s 
mean motion. In the preliminary discourse to the Astronomie 
Indienne, he states that, in the interval of 4384 years 94 days, 
ending May 21, a.d 1282, the tables of Tiiavelore give for the 
sidereal motion of that luminary 7® 2° 0' 7", rejecting whole 
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circumferences, and, because this agrees, within one minute, 
with what would result from the mean motions computed by 
the tables of Cassini and Mayer, he infers that it must have 
been obtained from observations made at the beginning and end 
of the period , but it happens that these tables do not compre- 
hend the equation discovered by La Place, which, in the same 
interval, would amount to about 4 degrees ; consequently, the 
argument in favour of the antiquity of the first-supposed ob- 
servation, falls to the ground. 

The places of the aphelia of the orbits of Jupiter and Mer- 
cuiy, given in the Hindu tables for the commencement of tbe 
Cali-yuga, certainly agree with the results of computation made 
from the best modem tables ; but, as these elements are mate- 
rially affected by the masses of the planets, which are, even now, 
uncertain, it is impossible to draw any conclusion, from that 
agreement, concerning the reality of the observations on which 
the elements are supposed to have been founded. 

The mean movements of Jupiter and Saturn are known to be 
subject to variations which become compensated at the end of 
certam long periods, fixed by La Place* at 929 years, and are 
such that, within each alternate period, the motion of one of the 
planets is the most rapid, and that of the other, the most slow : 
now it must bo admitted that the quantities assigned to the 
mean motions of Jupiter and Saturn in the Hmdu tables, for 
the epoch of the Cali-yuga are justly alleged by Badly to agree 
with the results of the theory of gravitation in shewmg that the 
former was then a maximum and the latter a minimum ; but this 
fact which would seem, at first sight, conclusive m favour of 
tile supposed antiquity of the tables leave the question still m- 
detcrimnatc ; since, if we reckon backward from the year 1491 
of our era, which is the epoch of the Chrisnabouram tables, five 
times the above period would bring us to the year 3154 Before 
Christ, which is near enough to the epoch of the tables of 
Triavelore to allow us to conclude that, at both epochs, the 
mean movements of these planets must have been, respectively, 
the same ; the probability, therefore, that these tables were con- 

' Exposition du Systdme du Monde, Liv. IV. cliap 2. 
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structecl at the more aticient period is not, in this respect, greater 
than that of their construction at the other. It ought also to be 
observed that, in the tables, the equations of the centre for the 
orbits of both these planets, by which the mean is reduced to 
the true movement, differ considerably from the truth, and 
BaiUy supposes, though without any evidence, that the original 
values have been vitiated by the Brahmans in later times. The 
approximations to comcidence vvith the results of calculation, 
observed in the preceding elements of the planetary orbits, do 
not take place in any of the others ; and the differences found 
to exist, on making the comparison, cannot but destroy the 
conclusion which might have been drawn from the former 
agreements , for if we are to allow that all the elements were 
obtained from observation, it would follow that they should all 
correspond equally with the determmations of theory. By 
whatever means obtained, the elements of the stm and moon 
are given in the tables with considerable accuracy, and to those 
elements, probably, the Hindu astronomers prmcipally directed 
their attention : the phenomena of the planets being less avail- 
able foi civil or religious purposes, the movements of these 
celestial bodies may have been less constantly studied. 

The astronomy of the Hindus may be said to resemble in 
many respects that of other ancient nations, particularly of the 
Greeks, horn whom there is good reason to believe they have 
borrowed their planetary system. From Mr. Colebrook’s paper 
On tli£ notions of the Hindu Astron.omefs’^, we learn that the 
Hindus place the earth in the centre of the universe, and sup- 
pose the sun, moon and planets to revolve about it in circular 
orbits, with uniform velocities ; and that in order to explain, on 
mathematical principles, the inequahty of the planetary motions, 
they suppose the earth to be at a distance from the centre of 
each of the orbits, which, therefore, may be considered as eccentric 
circles. In the Sourya Siddhanta is described a system of ec- 
centric deferents with epicycles, very much resembling the 
system of Ptolemy ; the principal difference being that tlie epi- 
cycle IS said to have been supposed of an oval figure. The 
Asiatic Reseaiclies, Vol. XII. 
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planet is iinagined to move on the epicycle with a velocity equal, 
and m a contrary direction, to that of the epicycle on the defe- 
rent, and the epicycles belonging to Jupiter and Saturn are 
said to have their minor axes in the line of the mean conjunction 
of their respective planet with the sun. The dimensions of the 
epicycles are computed by Bhascara , but this astronomer de- 
scribes the deferents as the true orbits of the planets, and ob- 
serves that the epicycles were merely devised for the pm'pose of 
facilitating the calculation of the true places. 

This desciiption of the planetary system of the Hindus* cor- 
responds nearly with that idea of a system, which has been 
drawn from the construction of their astronomical tables. M. 
Bailly observes that, in the precepts relating to the tables, the rule 
for reducing the mean to the true place of the sun, moon or aplanet 
by the equation of the centre, mates it evident that the orbits of all 
must have been supposed to be eccentric ; and he adds that, in 
finding the place of a planet, the Hindus use a fictitious longi- 
tude found by the continual addition of the mean longitude, 
half the equation of the centre and half the parallax of the an- 
nual oibit ; which he conceives to imply that the inequalities 
were referred, not to the eaith, or the centre of the system, but 
to an angular point mid-way between the sun and the earth, 
and correspondmg to the centre of the equant in the system of 
Ptolemy : Mr. Colebrook is, probably, therefore, mistaken when 
he supposes that there is no equant in the Hindu astronomy. 
Tliis fictitious longitude is not, howevei, used in finding the 
tme places of the sun and moon, and M. Bailly, from thence, 
supposes that the orbits of these were considered as simple 
eccentric circles. 

The attempt of the Hindus to explain from physical causes 
the movements of the planets scarcely deserve to be noticed ; 
but the following account of their opinions respecting this sub- 
ject, as stated in the Souiya Siddhanta, is given by Mr. Cole- 
brook in the papei above mentioned. They imagine that the 
planets are driven by movements of air along their respective 
orbits, and that there is one great vortex cairying the stars and 
’ planets with prodigious velocity round the caith m one day : the 
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winds or currents impelling the planets are supposed to be such 
as would cause them to move always in the plane of ecliptic, 
and with equable velocities, but it is imagined that the planets 
aie drawn from their courses by certain controlling powers 
situated at the points of apogeum and conjunction, and at the 
nodes of the orbits , and these powers are described as divini- 
ties or invisible planets. 

We are informed by Bailly, that the Brahmans suppose the 
earth to lest on a golden mountain, at the centre of the universe, 
and seven worlds or planets to revolve about it; the moon is 
placed ncaiest the earth, then follow iii succession, Meicury, 
Venus, the sun, &c., as in the systems of the Chaldeans and 
Ptolemy ; but this airangement does not appear to have at all 
times prevailed, for in the Bhaga Vadam which, though an 
apocryphal work, probably contains notions at some time pre- 
valent m India, the Hindus like the ancient Persians are said to 
have supposed the ‘moon to be more remote than the sun, pro- 
bably because it gives less light and heat , and the stais to be 
fish swimming m ether. In a representation of the solar system 
made by some modern Brahmans there are described, beyond 
the oibit of Saturn, two circles bearing the names of Natchattar 
and Akash; and it is probable, that these represent the orbits of 
some of those imaginary bodies, or divinities, which were sup- 
posed to disturb the motions of the sun and planets. Accord- 
ing to Buchannan, the Burmese entertain an idea that, beyond 
Saturn there is an invisible planet named or the Dragon^, 
and It is probable this maybe identical witli a body supposed to 
move m one of the orbits just mentioned. The vulgar in India 
are of opmion that echpses are caused by the intervention of a 
monster beaung this name. 

On contemplating the monuments of Hindu astronomy we can 
hai'dly avoid admitting that India must have been once pos- 
sessed by a race of men more energetic than those who now 
occupy that fine country. Besides the tables above mentioned 
which, if not entirely original, must have been laboriously con- 
structed with materials furnished by the works of another people, 
their treatises on aiithmctic, algebra, and geometiy, are proofs 
As. Res VoJ. VI. 
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of intense application to tlie pure sciences ; and tliougli very 
few of their astronomical observations now remain, yet, from 
many hints in their writings, it is evident that these had not 
been neglected. A Hindu writer, in commenting upon a pas- 
sage in the Sourya Siddhanta, where it is prescribed that the 
astronomer should form a sphere by which to examine the ap- 
parent longitudes and latitudes of stars, (evidently designatmg a 
sphere similar to the armiUary instruments mentioned by Ptole- 
my,) observes that there should be an additional circle graduated 
in degrees and minutes and suspended on the axis ; this is de- 
nominated an mtersectmg circle and is, apparently, a ciicle of 
declination; and in rectifying the sphere, it is directed that the 
axis should be pointed to the pole, and that the horizon should 
be made true by a water level. The instiument being thus 
placed, the observer is to look for the star Revati through a 
sight adjusted to an orifice at the centre of the sphere -, and hav- 
ing found it, the extremity of the sign R&odti, on the ecliptic 
circle of the instrument, is to be brought to coincide with the 
direction of the line of sight. The latter is, next, to be turned 
to the star whose position is requiied, and the moveable circle 
of declination is to be made to pass through the star ; then the 
distance, in degrees, from the extremity of Remti on the instru- 
ment to the intersection of the circle of declination and the 
ecliptic, will he the longitude; and the number of degrees on 

the circle of declination reckoned fiom the same intersection to 

the place of the star will be the latitude^. The sign Revati is 
said by Mr Colebrook to be the last of the twenty-eight as- 
tcrisms into which the Hindu zodiac is divided; and the star 
called by that name he conceives to be that now designed 
^Pisciim; which, agreeably to a deduction from an observation 
ascribed to Brahma Gupta, and to an hypothesis of Ballly^ 
was situated at the commencement of the fixed zodiac ; and, if 
the vernal eq^uinox coincided with the place of this star at the 
time when the above desenption was composed, it would foUow 
that the said time corresponds nearly with the year 500 a. c. 
The mathematicians of India, like those of other countries, sup- 

’ Colebrook on the Hindu division of the Zodiac, As Res vol. TX. 

» Astron. Indienne, chap. V. sect. 30. vide supra, page 32p. 
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posed tlic circumfereBce of a circle of the sphere to be divided 
into three hundred and sixty degrees; and, like the Greelcs, they 
distinguished a degree by a word signifying a part. 

Soon after the dynasty of the Abbasides became possessed of 
the throne of Bagdad, the court of those princes was bonoiired by 
the presence of many distinguished philosophers, from foreign 
countries, by whom literature and science were introduced among 
the disciples of Mohammed. That the astronomical writings of 
Hipparchus, of Ptolemy, and of those who followed the latter 
in the school of Alexandiia were then studied by the Arabians, 
IS well known , and, as the arms of the Moslems had then recently 
subdued the northern pait of India as far as the Ganges, it is 
quite reasonable to suppose that the learned men of that part of 
Asia would find many inducements to seek the patronage of the 
Khahf A1 Maimon and his successors, and carry to the rising 
metropolis of the East their scientific works and their skill in 
the art of observing the heavens; an art which, subsequently 
to the decline of astronomy in Egypt and the eastern parts of 
Europe, they seem to have diligently practised. It is even 
related by Ebn A1 Adami that Mohammed ben Musa, the 
author of a treatise on algebra (recently translated by Mr. 
Rosas) had abridged, at the request of A1 Maimon, the astrono- 
mical tables contained in the work of some Hindu astronomer 
who visited the court of Almansor in the year 773 a. c. The 
use of the gnomon and astrolabe, which probably had ceased in 
the west, was therefore revived by the Arabians from the 
instructions communicated to them by their Hindu teachers; 
and hcncc the former people, in describing their instruments of 
observation, so frequently, by their manner of designating them, 
shew that they considered them of Hindu origin. The circle 
traced at the foot of a gnomon to determine the meridian by 
the equality of the shadows is called by Ibn Jounis the Hindu 
circle ; and this astronomer adds that one of the kind, which he 
had described for himself, was traced on a pavement of white 
marble, while that of the Hindus was on sand; other Arabian 
writers, also, in describing the astrolabe, apply to it a like 
denommation. 

Tho science cultivated, apparently with so much zeal and 
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industry, by tlie ancients, in Chaldea and Egypt, is not likely 
to have been confined to those countries: the conquest of 
Egypt by Cambyscs, and of India by Darius Hystaspes, the 
connections of the Ionian States with the court of Persia, and 
lastly, the expedition of Alexander the Great, must have given 
nse to so much communication between the different people 
inhabiting the temtoiies lying between Italy and the Ganges 
as to render it impossible that the discoveries made by any one 
of them, in astronomy, which possesses so many points of equal 
interest to all men, should not have been almost immediately 
adopted by the othcis, and mcorporated with the elements 
which they previously possessed. Thus the cycles discovered 
by the Chaldeans or Egyptians, who may be considered as the 
earliest observers, may, unless we adopt the hypothesis of 
independent discoveries, have been communicated at the same 
time to the predeccssois of Hipparchus, in Greece, and to 
those of Aryabhatta in India: and the state m w^hich they were 
received in the latter country ; piobably m, or previously to the 
age of the Vedas, may be collected from the ancient treatises 
on astronomy which are attached to the several works bearing 
that denomination. These tieatises relate to the adjustments of 
the calcndai and the comparison of solar and lunar time for 
the formation of the civil year; and fi'om them it appears that 
in a penod of five years, the moon was supposed to make 67 
resolutions to the same fixed star, or to the equinox^ (an expres- 
sion from which IMr. Dentley infers that, at this time, the Hindus 
had no knowledge of, or disregarded the precession of the 
stai*s,) and 62 icvolutions with respect to the sun. The number 
of solar days assigned to the cycle just mentioned is stated to 
bo 1830; and, therefore, the duration of a synodical revolution 
of the moon must have been supposed equal to or to 

29 ^ days; comparing this with the known length of such a 
revolution, the error is found to amount to one day m six years, 
from which Bentley also concludes that the Hindus could 
not then have been able to determine the times of the conjunc- 
tion and opposition of the sun and moon for six years in 
advance; much less could they have ascertained by compu^ 
tation the times of the eclipses of the luminanes. In the 
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regulation of the calendar, the rules given m the Vedas pre- 
scribed that a month should be doubled in the middle and 
at the end of the quinquennial period, which consequently 
consists of three common lunar years and of two, containing, 
each, thirteen lunations: the year is divided into six seasons, 
and each month into two half months; the day also, is said 
to consist of 30 hours, a division which, according to Achilles 
Tatius^, was in use among the Chaldeans, and each hour, of 60 
minutes. The zodiac is, moieover, divided into 27 signs, and 
the first is said to include the cluster of stais denominated 
CriUica which is supposed to signify the Pleiades^ : this sup- 
position howevei, is at variance wuth the general opinion 
concerning the place at which the Hindu zodiac commenced, 
but it IS probable that the latter did not become fixed till long 
after the age of which we are speaking. In a note, Mr. 
Colebrook observes that the cycle of 5 yeais is mentioned by 
the name of Yu^a in Parasara’s Institutes, and it is thcie stated 
to be the basis of calculation for greater cycles, fiom this, the 
cycle of 60 ycais [12x5], so much used in the east, was 
probably formed, and subsequently, from the latter arose the 
cycle of 3600 years [60x60], which was denominated the 
Yuga of Vacpat'i; sixty of these, or 216,000 years, constitute 
the Yuga of Prajanatha^ and the double of this last is the 
value of the CaU-yuga. 

The cycles of 60 years, and 3600 years, here mentioned 
aic identical with the Sossos and Saros of the Chaldeans, and from 
them, the Hindus may have formed some of their longei periods 
by the aid of their own observations on the celestial pheno- 
mena; m like manner, the restitutions of the moon’s inequalities 
of motion may have been adopted by the latter people fiom 
those discovered by the former before the time of AristoUe. 
The Hindu periods, though not the same m quantity as those 
which have been preserved by Geminus, and which we consider 
as the bases of the lunar theory of Hipparchus, arc precisely 
the same m kind; and may easily have been formed from the 
others, according to their own estimates of the length of the 
solar year and of the age of the world, by the learned astronop 
^ Isagoge, cap. 18 , in Potav. Uranol. ^ Asiat. Res. vol. VIII 
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HiGTS of India who arc mentioned by Brahma Guptaj and whom 
Mr Colebrooh supposes to have lived about the times of Hip- 
paichus and Ptolemy. Accoiding to the Narsapour tables, BOO 
[sidereal] years contain 29*2,207 days, and from this it is evident 
that the Hindu sideieal year was equal to 365 25875 days. 
Besides the cycle of 19 years, in which are contained 235 
lunations, the Hindus had two periods ; the one of 12,362 days, 
and the other of 21,857 days, in which respectively, they found 
that the moon had made 453, and 800 sidereal revolutions; 
and three peiiods m which she made, as they supposed, an 
exact number of revolutions with respect to the apogeum ; the 
first of these was equal to 248 days, and contained 9 revolu- 
tions; the second to 3031 days, and contained 110 revolutions, 
the third to 12,372 days, m which were 449 revolutions; and 
these cycles were, most probably, employed subsequently in the 
construction of the tables of the movements of the sun and 
moon, which, in the last century, and after many reformalions, 
were received in Europe. With respect to the planetary 
periods, Mr. Colebrook is of opinion that the Hindus mexely 
surmised that the nodes and apsides of those celestial bodies 
were in movement, from analogy with the corresponding 
motions of the moon’s orbit » ho conceives that they weie unable 
to veiify then conjectuie by observation, and that they have 
merely assigned arbitraiy numbers to the supposed revolutions, 
in order to bring the places right, or nearly so, conformably to 
their assumption of a great conjunction of the planets with 
their nodes and apsides, m a certain point of the ecliptic, at a 
very remote period. 

In a paper on tlie Hindu systems of astronomy® there is given 
a table of the restitutions of the solar, lunar, and planetary in- 
equalities, according to the periods ascribed to Brahma-Gupta ; 
from which it appears that in a Calpa, or in 4320 millions of 
years, the apsides of the solar orbit made 480, and the equi- 
noctial points 199,669 complete revolutions [the mean move- 
ment of the lattci must consequently have been siiiiposcd equal 
to 59"’ 7 yearly] ; that, iii the same time, the moon made 


® Asiat. Ros, Vol. VIXT. 



XV] 


THE ANCIENT HINDUS. 


339 


5757585300,000 synodical revolutions, her apsides, 488,105,858 ; 
and her nodes, 232,811,168 revolutions. Mi% Davis finds, fiom 
the treatise asciibed to Brahma-Gupta, and also fiom the Sidd- 
hanta Siromani, that the number of days contained in a Calpa 
wsis supposed to bo 1,577,916,450,000, whence consequently, the 
length of the sidereal year must have been consideicd equal to 
365.25844 days. 

Like Hipparchus, the Hindus determined the inequalities of 
the moon’s motion by means of eclipses; and, hence, their 
theoiy IS destitute of the equation of evection which was diST 
covered by Ptolemy from observations made at the quadratees ; 
this discoveiy, by some chance, never found its way into the as- 
tronomy of India and, in all probability, an attachment to the 
ancient method of observing prevented the people of India from 
attempting a comparison of the observed and calculated places 
of the moon when she was in any other position than the 
syzygies. We have said that they once had a value of the 
precession equal to that assigned by Ptolemy ; and it is to be 
obseived that, like hrn, in computing the true places of the 
planets, they suppose the conjunctions and oppositions to be 
referred to the mean place of the sun, instead of the true place, 
and the moan longitudes of Mercury and Venus to be the same 
as that of the sun. Lastly, in the tables of Triavelore and of 
Siam, the apogcum is supposed to be fixed m space, and in all 
these respects, there is a close conformity with the astronomy 
of Ptolemy, though theie is no reason to doubt that all the 
above circumstances belong equally to the ago of Hipparchus, 
if not to one still earlier. But the icmaining elements belong to 
an astronomy of a later day than that of Ptolemy, and it is pro- 
bable that the Hindus received the works of the latter astro- 
nomer only through the medium of the Arabian writers and, of 
course, accompanied by all or many of the changes which they 
had introduced in the science , their solar equations differ from 
those of the Greeks and Arabians, as if they had been formed 
by taking arithmetical means between the values assigned by 
both these people , they discovered, or adopted from the latter, 
the paiticular movements of the apogoa oi the Sun, Jupiter and 
Mercury, which Ptolemy considered as fixed ni space, and their 
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precession of the equinoctial points is actually that of Albategnius 
nor can it be doubted that the lunar tables of the Hindus were 
formed posteriorly to the time of Ptolemy, because the mean 
motions of the moon with respect to the apogeum, the nodes 
and the sun, aie, in these tables, found to be more rapid than in 
those of the Greek astronomers: and these movements are 
known to inciease with the lapse of time. We may observe, 
therefore, that though the elements of the Plindus tables have 
not been foimed immediately from those of the Greeks and 
Arabians, which, indeed, is proved by Mr. Playfair from the 
want of coincidence in the assigned places of the sun and moon 
at the supposed epoch of the Tnavelore tables with the places 
determined by computation from the tables of Ptolemy and 
Ibn Jounis , yet there is nothing to prevent us from concluding 
that the astronomy of India, ongmally that of the ancient people 
of Western Asia, has received successive corrections from the 
discoveries made by natives and foreigners, and has been re- 
modelled at various periods, down to the end of the seventeenth 
century. 

With the Mohammedan power, the science of India declined 
and, notwithstanding the patronage afforded by the emperors 
Akbar and Aurengzebe, and the magnificent observatory erected 
at Benares by the rajah Jay Sing, it has not, since, been revived 
in that country. 
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CHAPTER XVI 

THE ANCIENT ASTRONOMY OF CHINA, 

A conjunction of the planets taken as an epoch by the Chinese — The com- 
mencement of the Chinese yeai at one time coincided with that of the 
UmduH. — A legulation of the seasons by the Empeior Yao. — Ancient ob- 
seivalions made in China with the gnomon. — Destiuction of the Chinese 
writings. — The Chinese histones contain catalogues of celestial phenomena. 
Alleged i esemblanccs of the Chinese sphere and those of the Hindus and 
Egyptians. Divisions of time m use among the Peiuvians and Mexicans. 

The aslionoiTiy of China may vie with that of India in the le- 
inotcncss and obscurity of its oiigin , and, like the latter, it is 
su])poscd to have commenced with a piimitive epoch at which 
the sun, moon, and scvcial planets were in conjunction. In a 
C^unese woik alleged to have been composed about the year 
204 Dclorc Christ, this conjunction is said to have been ob- 
served or predicted by the Emperor Tchuen-lii, and to have 
taken place in the constellation Xi; and the writer asserts that 
143,127 ycais had elapsed between the time of the conjunction 
and that in which he lived now M. Bailly disiegarding that 
pietcndcd interval of time, has found by computation^ that 
Mars, Jupiter, Saturn and Meicuiy weic together, on the morn- 
ing of Eebruary 28, Julian icckoning, in the year 2449 b. c, 
in a pait of the heavens situated, in longitude, between the 
eighth and twxuity-fifth degice of the sign Pisces, a space which 
must have been, then, compiehended between the a Arietis 
and the Pleiades : and hence it is infened that this portion of 
the zodiac must have coincided with the Chinese constellation 
Xi Tlu‘ same astronomer found, also, that a conjunction of the 
sun and moon took place on the same day, m the nineteenth de- 
gree of the sign Aquaiius, or near the star f Piscium ; these he 
conceives, therefore, to have been the phenomena alluded to, 
which IS not impiobablc since histoiians have placed in the 
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same ago tlie reign of the above mentioned monaicb. Accord- 
ing to Perc De Mailla, who translated the Armtds of the Em- 
pire^ Tchuen-hi collected all the ancient observations which had 
been made in the country and gave precepts for computing the 
motions of the sun, moon, and planets, and it appears from 
the expression in the original work that, during the reign of this 
prince, and in the year which was distinguished by the above- 
mentioned conjunction of the planets, the fiist day of the spring 
quarter, by which we are to imdeistand the commencement of 
the yeai, occuried previously to the first day of the fiist moon. 
Mailla, who finds by computation^ that the conjunction took 
place in 2461 b. c. makes the time of new moon two days later 
than the arrival of the sun at a point in the ecliptic whose longi- 
tude was 10® 15®, which, then, neaily coincided with the star 
^ Piscium, that is with the first point in the fixed zodiac of the 
Hindus: now the ancient Chinese always made their spiing 
commence when the sun had that longitude, or was 45 degrees 
westward of the equinoctial point ; it follows therefore that, in 
the time of Tchuen-hi, the place of the sun at the beginning of 
the Chinese year, and the oiigin of the Hindu zodiac were 
identical; and Bailly thence infers that the coincidence was the 
result of design on the pait of the pimce; no other reason, he 
observes, can bo given why the year should be made to begin 
when the sun was in a part of the heavens which is not dis- 
tinguished by any remarkable star, nor coincided with either of 
the equinoctial or solstitial points , and the circumstance may 
be considered favourable to the opinion that the astronomy of 
China was deiived, at some period, from that of India ; or that 
the people of both countries drew then knowledge of the science 
from a common source. The oiigm of the Chinese fixed zodiac, 
or the commencement of their constellation Hm, is not however 
the same as that of the Hindus; it is supposed by Fere Glaubil 
to have coincided, in the time of the Emperor Yao, with the 
place of the winter solstice ; and, if we adopt Bailly’s opinion of 
the age m which this prince lived, that place must have been 
about the middle of the constellation Aquarius. 
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Fiom the abstract of the Chinese History given by M. cle 
Guignes we leaxn that the emperor Yao^ along with the other 
measures adopted foi the improvement of his people^ piomoted 
among them the study of astronomy, and he particularly applied 
himself to the correction of the calendar, he diiected that the 
length of the yeai should be 365 days and, to determine the 
seasons, he appointed the use of an intercalaiy moon, piobably 
signifying that an additional month, or 30 days, vas to be 
introduced eveiy 120 years. Fiom the means he proposed for 
distinguishing the commencements of the seasons an etfoit has 
been made to ascertain the age in which he lived, according to 
Pere Souciet^, he pxesciibed that the equality of the days and 
nights and the constellations Niao and Hm should indicate the 
vernal and autumnal seasons respectively, and the longest and 
shortest days with the constellations Ho and Mao should mark, 
respectively, the summer and win tei Now% of these constella- 
tions, it IS known that Mao designates the Pleiades , and, as all 
the four should be in or near the caidmal points of the ecliptic, 
It will follow that Ho must coincide with the beginning of 
Scorpio, Niao with the beginning of Leo, and Hiu with that of 
Aquanus, but it is doubtful in what sense these constellations 
were to indicate the seasons; for, if we suppose that their 
heliacal risings or settings took place on the respective days of 
the equinoxes or solstices, the epoch would be so remote as to 
be beyond the bounds of probability* it has, therefore, been 
considered that those days were indicated by the arrival of the 
constellations on the meiidian soon after sunset, and if, agree- 
ably to this supposition, we place on the meridian a point of the 
ecliptic whose longitude is 100 degrees, in which case the 
vernal equinox would be about 10 degrees below’* the horizon 
towards the West, the time at which the constcUatioii Niao^ or 
the first stais of Leo (whose longitudes aie now about 156 
degrees) occupied the point on the meiidian, would bo about the 
year 1800 Before Christ, hence the reign oi Yao maybe placed 
at that period, and M. Bailly by a similar supposition places 
it about 500 yeais earlier, but it must be owned that, since the 
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supposition may be varied considerably, the lesult obtained 
from tins kind of estimate is extremely uncertain. 

If wliat has been above ascribed to Yao be coiiect we may con- 
clude with La Place that, in the time of this prince, the astionomers 
of China must have observed the arrival of the sun at the equi- 
noxes or solstices and the transits, or passages, of stars over the 
meridian , but it should also be remarked that in such observa- 
tions no great piecision was necessary nor, probably, attempted. 
Before the time of Yao, a representation of the heavens on the 
smface of a sphere is said to have been made by one of the 
sovereigns of the country, but modem writers have ascertained 
that the woid foimeily tianslated sphcie is the same as that 
used to signify the cover of a vessel, and the most that can be 
inferred from the account is that, m some i emote age, there 
had been formed, in China, a soit of planisphere exhibiting rudely, 
like those of Egypt, a view of the constellations, or some of the 
principal stars. 

From a Chinese MS sent by P^re Glaubil to M Dehsle, it 
appears that the regent Tcheou-Kong, who is said to have lived 
between the years 1104 and 1098 Befoie Chiist, caused a num- 
ber of obsci\ations to be made , and thiee, on the lengths of the 
meiidional shadows cast at the times of the wintei and summer 
solstices by a gnomon which was set up at Loyang in the 
province of Plonan, have, fortunately, been preseived- From 
these. La Place, after making the necessary corrections foi the 
sun’s semidiameter, for refraction and paiallax, has dctei mined 
the latitude of the place of obseivation to be 34° 47' 10", noith, 
and the obhqidt} of the ecliptic, 23° 54' 3", and, supposing the 
obseivations to have been made in the year 1100 Before Chiist, 
the value of this element exceeds that which is found, lor the 
same peiiod, from the formulse in the Mecanique Celeste, by 
2' 4" only, a difference which is inconsiderable; but nothing is 
more uncertain from the dubious light afforded by the Chinese 
histories, than the age in which that prince is supposed to 
have lived, and the rude nature of the obseivations lenders the 
evidence resulting from the near coincidence of the values of the 
obliquity any thing but conclusive. 

The use of the gnomon must, however, be admitted to have 
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been vci j ancient among the Chinese, but the first notice ob- 
tained concerning it, from any of their wntten worhs, is that 
given in the Tcheou-li, which is said to have been composed 
two bundled years before Chiist, it is there stated that the 
length of the shadow, at noon, is less than at any other time, on 
a given day , that the mciidional shadow becomes longer as w’-e 
proceed towards the norths and that, in proceeding towaids the 
cast, the shadow arrives earlier at the minimum. The particular 
gnomon alluded to is said to have been 8 feet high and to have 
consisted of a vertical pillar with a giaduated horizontal bar, at 
its lower extremity, by which the angular distance of the 
celestial body from the zenith might be computed ; and Cocheou 
Kong, who lived in the year 1280 of our era, erected one whose 
height was 40 feet and by which the obliquity of the ecliptic 
was found, in his days, to be 23^ 33' 40" : between the ages of 
Tcheou Kong and of the last mentioned prince three other ob- 
seivations of the obliquity of the ecliptic appear to have been 
made ; the first in the year 50 Before Christ, and the others in 
the yeais 400 and 630 since the commencement of our era; all 
in the same manner, and, which is the best proof of the reality 
of the observations, all agreeing in the indication of a pro- 
gressive diminution of that element. The Jesuit missionaries 
fiom whom so much information has been obtained concerning 
the state of the sciences in China, allege that Clepsydrae were 
used at a peiiod as remote as the age of Yao for measuring time 
and the divisions of the zodiac, and they desciibe a machine 
having some resemblance to an armillary spheie wuth which it 
IS pretended that astronomical observations were then made : 
but it IS vciy ceitain that, if such a machine existed in that 
countiy, it was at a much later age than that of Yao, when the 
people wcie only beginning to form written characters and 
when, consequently, they cannot he supposed to have con- 
structed such instruments as armillaiy spheics for the purpose 
of determining the places of stars. 

The possibility that the ancient Chinese may have acquired 
some knowledge of the retro giadation of the equinoctial or 
solstitial points has been mfciied from the positions assigned to 
the winter solstice by mcaps of two recoidcd obseivations; of 
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which the first was made about HOC, and the other, about 500 
years before Chiist : the difference between the two positions is 
alleged to be nearly 9 degrees, which ought, certainly, to have 
shewn that the solstice had retrogiaded to that extent m the 
interval ; but as no notice occurs of such change of place in any 
of the writings of that people, before the commencement of our 
eia, we can haidly avoid concluding that the difference, if at all 
regarded, was ascribed to errors of observation. 

It is related in the histones of China that, at a period cor- 
responding to the year 164 of our era, certain foreigners came 
to that country fiom the west ; and from this time we begin to 
find, in its astronomy, facts which indicate that the science had 
made consideiable advances in the career of improvement, it is 
consequently more than probable that the discoveries of the 
Chaldeans and Greeks then found their way into the celestial 
empire, through the medium of the Hindus, or otherwise, and 
this may account for the points of resemblance observed in the 
astronomies of the Chinese and Europeans. About 370 yeais 
before the above time, the writings of the ancient philosophers 
of China had been destroyed by the t}Tannical Tsi-hoang-ti, as 
those of the Egyptians and Chaldeans afterwards were by the 
fanatic Omar, in both cases, from an opinion that ignorance is 
the mother of piety and humility, and an apprehension tliat the 
acquisition of knowledge is detrimental to the interests ofiehgion 
and government • errois which have not, even yet, disappeared 
from the earth. But, in China, as in Egypt, an enlightened 
sentiment almost immediately succeeded to the previous bar- 
barism; for, about 50 yeais after the destruction, a collection 
was made of such works as lemaincd: and from the copies of 
these works, or rather from the commentaiies subsequently 
made on them, in which it must be expected that much matter 
has been introduced that was not in the oiigmals, is deiived all 
we know of the ancient science of that remote region. 

The most remaikable circumstance connected with the Chinese 
astronomy is the great number of eclipses which are noticed in 
the woiks of the native writers, and of which the puncipal are 
consigned in the general histoiy of China translated by Pcirc 
Mailla. The first of these is alleged to have taken place on 
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the naorning of a new moon dm mg autumn in the sixth jear of 
the reign of Tchong Kong, coinciding with the year 2159 
Before Chribt ; and it is added that the two royal astronomers 
whose duty it was to 'announce such phenomena, were put to 
death for having omitted to predict it. The record of so ancient 
a phenomenon natuially excited the attention of the Europeans ; 
and Pere Glaubil, with other missionaiics who had studied the 
language and sciences of China, endeavoured to ascertain, by 
computations founded on modem tables, if the eclipse were real 
or not : the result of their researches is that an eclipse, at that 
season, occuixed m the yeai 2155 Before Christ; and it is con- 
cluded that this was the eclipse mentioned in the history; 
though, if the tables are to be dejDended on, it was so small as 
to be scaicely distinguishable to any but astronomers; and, 
thercfoie, was not likely to have created any sensation among 
the common people, for whom, alone, such predictions w’ere 
made . and it is remarked by Delambre that if we permit our- 
selves to deviate from the assigned date of an eclipse four years, 
eailier or later, we are almost suie of finding one nearly cor- 
responding in its conditions, with that which is given : both the 
eclipse, therefore, and the circumstances related concerning it 
arc, probably, fictions of the Chinese wiiter, and the opinion 
that, at the age in which it is said to have occuiTed, there 
existed an establishment for the purpose of calculating and 
observing the celestial phenomena cannot be considered as rcvst- 
ing on any good foundation. 

Between the above epoch and the year 776 Before Christ not 
a single notice of an eclipse occurs but, from that time, they 
follow each other at intervals of a few years, till the year 1433 
of our eia, when, alter a blank of two hundred years, three or 
four other notices terminate the catalogue. All the eclipses, 
except two, arc of the sun ; ten of them, only, have the hour of 
the day given, and an equal number are marked total ; but of the 
rest no particulars ai'e related, consequently they do not admit 
of verification. A work ascribed to Confucius contains, how- 
ever, a list of thirty six eclipses, said to have been observed 
between the years 776 and 480 Befoie Christ, of which all 
except five have been proved by modern calculations. 
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Those who deny the gTeat antiquity of the Chinese astronomy 
suppose that these eclipses were not obseived but simply com- 
puted, m aftei times, by means of the Hindu or other tables 
which may have been in use among the learned of the country , 
but it IS a serious objection to this opinion that, till very lately, 
the native astronomers, if so they may be called, were unable to 
make such computations. If we leave out the first eclipse, 
above mentioned, there is nothing to prevent our admitting that 
the eclipses were really observed and registered , the Chinese 
have always regaided those phenomena with a sort of religious 
leveience, and this would naturally prompt them to preserve an 
account of such as they might think lemaikable In the same, 
or even in an cailiei age, the Chaldeans and other ancient 
people must also have made similar observations, from whence 
were determined those lunai periods which appear to have been 
known in Greece long before the time of Hipparchus , nor is 
there any thing improbable in the supposition that observations 
which required only the use of eyes oi the most simple instru- 
ments were made, at the same time, by two people at the opposite 
extremities of the Asiatic continent. In the histoiy of China, 
by Mailla, is a table of the appcaiances of many comets obseived 
m that countiy between the yeais 525 Before, and 1593 After 
Christ, and various other phenomena, some probable and otheis 
absurd are, also, related m the same work. Several observed 
appulses of the planets, principally Jupitei, to certain fixed 
stars, subsequently to the commencement of oui era, which have 
been collected by P. Souciet fiom the ancient writings of the 
Chinese, complete oui knowledge of the observations made by 
that people, and sufiicicntly prove the gieat attention they must 
have, very early, paid to the celestial phenomena. 

But it must be admitted that the Chinese have ever had few 
pretensions to the character of astronomers ; their observations 
being of the rudest kind and such as could only have been sub- 
servient to the purposes of their chronology and agriculture ; 
and no hint appearing in their works that they had, at any time, 
attempted to form a theory concerning the orbits of the sun, 
moon, and planets. The only deductions known to have been 
made from their observations by these over-grown infants m 
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science are tlie luni-solai cycle of 19 yeais, coiresponding to that 
discovered by Meton , the length of the solar year, which they 
found to be less than 365j days, and that of the lunar year, 
which they made to consist of 354||^| days , this last was used 
by them for general purposes audit is said that they had formed, 
from it, a period of 4617 years which they supposed to include 
a certain number of revolutions without a traction. Jjike the 
Hindus, they had also a cycle of 60 yeais and one of as many 
days ; and, hlie almost every other people, they used the M^eelc 
of seven days. Sii George Staunton observes that the cycle of 
60 years was used in China as an era for chronological reckon- 
ing and for regulating the luni-solar year : and he relates that 
each year of the cycle is distinguished by the union of two 
characteis taken from such an airangement of an unequal num- 
ber of words, placed in opposite columns, that the same two 
characteis cannot be fomid together again during 60 years. Sir 
George adds that “ the year 1797 a c. corresponds to the fifty- 
fourth year of tlie sixty-eighth Chinese cycle ; which determines 
its commencement to have been in the year 2277 b. c. unless it 
be supposed that all the official records and public annals of 
the empire which bear testimony to it should have been falsi- 
fied. About the year 721 of our era, Y-Hong is said to have 
constructed tables shewing the daily motion of the sun, and to 
have discovered that in 84 years the planet Jupiter made 7-^-^ 
levolutions about the earth, which is nearly correct , but it does 
not appear that, previous to the introduction of the European 
astronomy, the Chinese had even observed that the movements 
of the planets wore, alternately, direct and retrograde. At a 
later time, the periods of the moon’s revolutions with respect to 
the apogcum and nodes were knovra, and a catalogue of fixed 
stars was made, which has since been lost. The ignorance of this 
people, with respect to the simplest operations of practical as- 
tronomy, when the Jesuit missionaries were first established in 
China, that is about the year 1629, is however, manifest from 
the following fact : on a proposal being made to intrust the 
foreigners with the correction of their calendar, which was then 


* Account of Loid Macaitney^ Emliassy to China, vol. II. chap. 7 
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become extremely enoneous, tlie native astronomers consented 
to the proposal of P. Verbiest that the accuracy of the Euro- 
pean science should be put to the test by a computation of 
the length of the meridional shadow to be cast by a gnomon of 
a given height, on a given subsequent day : this exceeded the 
poweis of the Chinese mathematicians, and the agreement be- 
tween the observed length of the shadow and that which the 
learned fathers had determined by calculation, was immediately 
received by the former as a proof of the superiority of their 
western rivals. 

The pure sciences have always been in a low state among this 
ancient people , the missionaries found that, before the time of 
Cocheou Kong, who reigned in the thirteenth century, they con- 
sidered the proportion between the diameter of a circle and its 
circumference to be exactly as 1 to 3, and that their trigonome- 
try was limited to a method of calculating the sides of plane 
right angled triangles ; nor does it appear that, tiU they were 
instructed by the Europeans, they had advanced one step fur- 
ther , in this respect, therefore, they seem to have been far in- 
ferior to their neighbours, the Hindus. It is worthy of remark, 
however, that oiiginally, like the mathematicians of Europe, they 
conceived the circumference of a ciicle to be divided into 
360 degrees ; but, it is said, that, as eaily as the year 200 Before 
Christ, they began to nse a division of tlie circumference into 
365i parts or degrees, which, evidently, must have been intro- 
duced in order that one such part might correspond to the mean 
daily movement of the sun 5 and it is added that they used a 
centesimal subdivision of the degrees. 

Some points of resemblance aie alleged to exist in the 
zodiacs of the Chinese and those of the Egyptians and Hindus, 
from whence it has been inferred that the former people adopt- 
ed that division of the heavens which had, previously, been 
made by the others. It may be true that the sun’s place in the 
heavens at the commencement of the year, both in India and 
China, was at one time the same, and coincident with the com- 
mencement of the Hindu fixed zodiac , and it is certain that all 
the three people divided the zodiac into twenty seven or twenty 
eight lunar mansions ; for that the Climese did so we learn 
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from PtTe Soucict who, in the second volume of his observa- 
tions, 1 elates that an astronomer of their nation, in the year 104 
Befoie Christ, measured the extent of the twenty eight con- 
stellations by means of an instrument, probably a Clepsydra, 
and adds that a similar measuiement was made 207 years after- 
ward. Again, in a copy of a Chinese map of the heavens, Mr. 
Ramusat observed that the constellation Oiion is designated by 
a name signifying a conqueror, which seems to correspond with 
the chai actor of that hero in the Grecian fables ; and that the 
stars m Pegasus are divided between two figures, as in the 
planispheio at Denderah, but all these coincidences are too un- 
certain, or have too much the appearance of being accidental, 
to afford much ground for the opinion that the representations 
of the celestial sphere were copied by any one of these people 
from either of the others , and, as it appears that the divisions of 
the Chinese zodiac were originally situated on the circumfer- 
ence of the equator, though they were, at a subsequent time, 
reduced to that of the ecliptic, on which circle they were placed, 
from the fust, by all other nations, it is much more probable 
that the astronomers of the east and west had recouise to their 
imaginations, independently of each other, when they found it 
convenient to arrange the stars in particular groups 

Some knowledge of astronomy must have existed among the 
inhabitants of the American continent long before that conti- 
nent was, by the voyages of the Spaniards, made known to the 
people of Europe; and either because man, independently of 
instruction, is naturally led to adopt similar means for determin- 
ing the seasons and the divisions of time, or that the first occu- 
piers of that vast region brought with them the processes which 
they had followed in Asia, from whence they came , the prac- 
tices of the Peruvians and Mexicans, as far as they went, cor- 
responded nearly with those of the ancient people of the eastern 
world. According to Acosta ‘Hlie former observed the days of 
the equinoxes and solstices by means of gnomons which they 
erected before the temples of the sun ; and it is said that they 
divided the year (which they made to consist of 365 days) into 
12 months of 30 days each, adding, like the Egyptians, five 

Novi 01 bis Histone., Lib VI. cap 3 . 
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days at the end of the twelve months, to complete the period * 
the Mexicans, according to the account given by Gemelh Cai- 
reri, in the Giro deV Mundo^ divided the 360 days into 18 months 
of 20 days each: they also used a cycle of 13 years, conformably 
to the number of their gods, and another equal to four of these, 
or 52 years. The eighteen months were united by threes, in 
the interior of a ring ornamented with hieroglyphical figures, 
which was discovered in the country ; and Bailly very reason- 
ably supposes that these months are subdivisions of a primary 
division of the year into six parts; from which it would appear 
that this people, at one time, like the Hindus and Arabians, 
made use of a period of two months or 60 days. It is worthy 
of remark, also, that the general mode of leckonmg time, in use 
among the Tahitians, till they adopted the European calendar, 
was by the year, which consisted of 12 or 13 months , by the 
season or half year, and by a month of 30 days 
* Polynesian Researches, Vol. I. chap 4. 
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CHAPTER XVII. 

THE ASTRONOMY OF EUROPE DURING THE MIDDLE AGES. 

Eevival of Astronomy in Europe — The system of eccentric sphei es and 
epicycles adopted by Puibach. — The system of homocentnc sphei es levived 
by Fra Castorms.— The foice of piejudice m philosophy. — Beeline of astro- 
logy. — Copernicus proposes a system founded on the movement of the earth 

about the sun Explanation of the duect and retrogiade movements of the 

planets according to the system of Copeinicus —The threefold motion of 
the earth —First use of pendulums for astronomical purposes. — Hypothesis 
of Copernicus concerning the variations in the positions of the equinoctial 
points.— The elements of the solar orbit supposed to be variable — Method 
of determining the distances of the planets from the sun and eaith.— Com- 
plexity of the system of Copernicus. 

The science of astionomy which may, in some respects, he said 
to have advanced towards perfection duiing the reigns of the 
Mohammedan princes of Cairo and Bagdad was, through Uie 
Arabians who had settled in Spain, communicated to the people 
of Europe , and, as the learned men of the east had founded all 
their impiovements, on the system of Ptolemy, it was natural 
that the same system should form tho groundwork of the astro- 
nomy introduced by them into this part of the world , in fact, 
wo find that the treatises on this science which were then, fust, 
composed by Europeans, consist wholly of compilations from 
Ptolemy, with comments upon the comments previously made 
by the Arabians. Such were the works of tho astronomers 
patronised by Alphonsus, king of Castile, all of whom lived 
about tho middle of the thirteenth century ; consequently, about 
the time that learning was on the decline in Asia and Egypt : 
but these were chiefly persons of tho Jewish pci suasion, and 
their r^ritings arc disfiguied by what appear to be caballistic 
reveries, which, among that people, then, usmped the place of 
true philosophy. The prince just mentioned caused to be com- 
puted a set of astronomical tables agreeably to the hypotlicscs 
of Ptolemy, and containing sundry corrections of the mean 

A A 
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moTements of the planets, with some additional equations form- 
ed with reference to the imaginary trepidation of the equinoctial 
poults , a doctrine to which mathematicians, at that time, tena- 
ciously adhered though founded on data which we should now 
think unworthy of the least confidence. We hare mentioned in 
what manner this pretended libration was supposed to have 
been proved from a comparison of observations made by Ptole- 
my with those ascribed to a pseudo-Hermes ; and we may now 
remark that a like inequality in the motion of the equinoctial 
points was, with as little reason, inferred from a comparison of 
the place of Spica Virginis, according to the observations of a 
certain Milieus who cultivated astronomy at Rome m the reign 
of Trajan, and that assigned to the same star by Alphonsus 
after an interval of 1160 years. The former observer makes 
the longitude of Spica equal to 5* 26° 15', and the latter, 6* 13° 
48' ® : but the Alphonsines, computing backward with the sup- 
posed value of the general precession, [1 degree in 72.8 years,] 
determined that, if the precession had been uniform, the longi- 
tude of the star in the time of Milieus would have been 5® 27° 
52' ; and they concluded that the difference [1° 37'] was caused 
by a movement which the equinoctial points had made in a di- 
rection contrary to that of the general precession. In fact, 
however, the longitude of that star in the time of Milieus was 
equal to 5® 27° 22', and in that of Alphonsus, 6* 13° 30', the 
error of the former astronomer being 1° 7' in defect, and of the 
latter, 18 minutes in excess ; and this result will serve to shew 
the degrees of accuracy with which the observations must have 
been made. 

Like some of the Arabian astronomers, Alphonsus seems to 
have been Uttle satisfied with the notions then prevalent con- 
cerning the planetary systems, and is said to have obs^ed that 
if the Deity had deigned to consult him at the creation of the 
universe he could have suggested one less complex. This 
charge, so improperly preferred against the Author of Nature 
might have been, with some appearance of justice, urged against 
the system-makers of his own time; who, in the attempt to 
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unite the material spheres of Calippus or Aristotle With the 
epicycles of Apollonius and Ptolemy, had produced a clumsy 
machine utterly inconsistent with that simplicity which has 
always been conceived to be the essential quality of a. work 
attributed to the immediate agency of the Supreme Intelligence. 

The Rabbi Isaac Abensid, to whom was entrusted the forma- 
tion of the Alphonsine tables, finding that the cliang-e which 
would result, in the places of the equinoctial points, from the 
law of trepidation assigned by Thebith, was not sufficient to ac- 
count for the increase in the longitudes of the stars since the 
time of Ptolemy, made the period in which the oscillatory mo- 
tion of those points was compensated, equal to 7000 years, and 
united this movement with that of a uniform progression in the 
circumference of the ecliptic, which he supposed to be com- 
pleted in 49000 years ; but the adoption of these numbers 
seems to have no other foundation than the proportion they bear 
to the sabbatical period of seven years, and to that of tRe Jubilee, 
which IS equal to forty-nine years 

The century in which the disciples of the Aiabian school 
were cultivating astronomy m Spain was distinguished by the 
labours of Albertus, Bishop of Ratisbon, who composed a trea- 
tise on the sphere, and of the English mathematicians, John 
Halifax, or Sacro Bosco as he was called, and Roger Bacon; the 
first of whom executed an abndgment of the Almagest with a 
commcntaiy ; and tlie last, so celebrated for his erudition and 
the persecutions he underwent from the ignorance and malice of 
men of his own order, besides many discoveries in mechanics, 
chemistiy and optics, was the first to shew, probably from ob- 
seivations made by himself, that the days of the equino:x:es hap- 
pened earlier, with respect to the calendar, than they did in the 
time of Ptolemy; and he concluded, in his Opus that 

the anticipation was equal to one day in 125 years, which is 
nearly correct ; in the same work be notices also the error in 
the period of Calippus, which, he rightly observes, is equal to 
one day in 304 years ; and irom these ciicumstances it is evi- 
dent, as Bailly has shewn, that this remarkable ecclesiastic had 
the men! of foreseeing the necessity of correcting the calendar 
three centuries before that correction was actually made. 

A A S 
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THE ASTRONOMY OF EUROPE 

A dark period in the history of astronomy extends fiom tlie 
end of the thirteenth, to the middle of the fifteenth century, 
when Purbach, in his Theories novte Flanetarwn which was 
published in 1460, proposed a return to the hypothesis of ma- 
terial spheres, invented by the more ancient philosophers to 
keep the bodies composing the solar system in their eternal 
paths ; to this he was induced, probably, by a desire to avoid 
the difficulty, which then, froin the attention beginning to e 
paid to physical subjects, seems to have been felt, in conceiving 
why those bodies should, without any known cause, describe m 
space the circumfeiences of imaginary ciicles whose centres 
moved also upon the circumferences of other circles equally 
imaginary. In the system of Purbach, as in that proposed by 
Albategnius and Alfraganus, the exterioi and interior surfaces of 
the spherical shells were not concentric ; between the mtenor 
surface of the outer shell and the extenor surface of the next 
interior shell, as between two walls, another spherical shell, 
bearing the planet, revolved m the manner of an epicycle, in a 
direction contrary to that of the deferent ; and, to produce these 
movements, two different motive powers (anima) were supposed 
to act. The earth was still supposed to be the centre of the 
universe: the system of sheUs constituting Ihe eighth sphere, 
or that of the fixed stars, was made to include the seven sys- 
tems of spheres immediately connected with the planets, and to 
revolve about the earth with the diurnal motion. 

The dispositions and movements of the planeteiy spheres 
may be imagined from the following explanation of the system 
proposed by Purbach for the lunar orbit. According to this as- 
tronomer, the moon may be supposed to be accompanied by 
seven chrystalline shefis, or hollow spheres, constituting three 
deferents or principal orbs, surrounding the earth at certain dis- 
tances, and two, or rather four epicycles. The exterior surface 
of the first orb x, [Plate IV. fig. 2,] was supposed to be concen- 
tric with the earth, e, and to coincide with the intenor surface 
of the lower orb belonging to the system of Mercury ; the centre 
of the interior surface of x may be supposed at c, at a certain dis- 
tance from the earth : within, and concentnc with this surface, 
were two other orhs y and z, the former in contact, but the 
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otlier at some distance from that surface, so that between them 
there was a space withm which were the two concentric orbs 
D and E forming the first epicycle ; and, m the space between 
these, the two g and H which constitute the second epicycle : 
between these last the moon herself was situated. The deferents 
Y and z were supposed to revolve on a common axis passing 
through c perpendicularly to the plane of the moon’s apparent 
orbit in the heavens , the epicycles, D and f, on one common 
axis passing through s, and g and H, on another passmg through 
V, and these last axes remain constantly parallel to them- 
selves, and to the first axis through c, while they revolve, respec- 
tively, round c and s, their centres of motion, a p is the line of 
the apsides and when the moon, by the revolution of the epi- 
cycles, is brought to a, in contact with the eccentric sphere y, 
she is in the auge or apogeum of her orbit, and this sphere, 
being supposed to have a velocity of revolution from west to 
east equal to the progression of that point, was called the de- 
ferent of the auge, as if the latter had been a material point at- 
tached to the surface of the sphere. The orb x revolved from 
east to west about an axis passmg through E perpendicularly to 
the plane of the ecliptic, with a velocity equal to that of the 
. moon’s node ; it, therefore, caused the retrogradation of .this point 
upon the ecliptic, and, on this account, was called the deferent 
of the node. The orb z was called the deferent of the first 
epicycle, and this, the deferent of the second, and the diameters 
of these epicycles were imagined to be equal to the distances 
between the shells which contained them The movement of s, 
which was uniform about c, represented the moon’s mean mo- 
tion : and this was modified by the movements of v about s, and 
of the moon about v, so as to produce the observed first and 
second inequalities of the motion in longitude. 

At the end of the fifteenth, or the beginning of the sixteenth 
century, the system of homocentric spheres asenbed to Eudoxus 
and Calippus was revived by Era Castonus, with the addition 
of several new spheres imagined for the purpose ofexplammg 
the movements of the planets and fixed stars, which were un- 
known to those ancient astronomers ; and, in a treatise entitled 
Homocentrtca, he has explained at length their disposition an 



358 


THl ASTBONOMY OF EtJBOPE 


[chap. 


tbe Bianiier in whicli tliey perform their revolutions. The rela- 
tion. of these hypotheses may he tedious, and what has been 
long since abandoned may seem scarcely deserving of descrip- 
tion, but, since the dawn of a brighter day of science was in that 
age fast approaching, we feel ourselves justified in presenting a 
short account of the last of the systems which may be considered 
as belonging to the Grecian school of astronomy. 

The spheres which accompany each of the five planets are 
divided into two classes, each, except in the case of Mars, con* 
sisting of five spheres; these, beginning with that on the ex- 
terior, are respectively denominated circumductor, circitor, con- 
travector, anticircitor, and second contravector. Thus Saturn, 
Jupiter, Venus and Mercury are, each, moved by ten spheres, 
but on the exterior of the system of each planet, except Saturn, 
is one additional sphere, for the purpose of preventing the 
spheres of any planet from communicating their general com- 
pounded movement to those of the next interior planet. Mars 
has nine spheres m all, of wrhich that on the exterior is for the 
purpose last mentioned, and the remaining eight are divided into 
two classes, each consisting of a circumductor, a circitor, a con- 
travector and an anticircitor. The sun has four spheres and the 
moon, seven. Andfiom the combination of the general diurnal 
motion of the heavens with, the proper movement produced in 
each planet by its attendant orbs, it results, according to Fia 
Castonus, that the real movement of the planet, as well as that 
which, to a spectator on the earth, it appears to have, is in the 
direction of a spiral curve. 

For each superior planet, in the spheres of the first class, the 
circumductor revolves upon the axis of the ecliptic in the period 
of the planet’s sidereal revolution about the earth ; under this is 
the circitor, winch revolves upon an axis lying in the plane of the 
ecliptic, in the situation of the mean line of the nodes of the ap- 
parent orbit, and w^hose poles arc canied through its circumfer- 
ence in the period just mentioned : under the circitor, and upon 
an axis whose polos revolve about the poles of the latter sphere 
at certain distances from them, revolves the contiavector in a 
contrary order, and with twice its velocity, sp that the last two 
spheres produce a trepidation, or mov^ement alternately direct 
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and retrograde, in longitude, of a point in this sphere' represent^ 
ing the place of the planet’s node, together with an alternate 
movement of the apparent orbit, in latitude , which alternations 
of motion in longitude and latitude were supposed to he com- 
pleted in the time of the planet’s sidereal revolution. The anti- 
drcitor follows, under the contravector, and the axis of this 
sphere has a movement in the same order as that of the cirmtor, 
but the revolution of the sphere on its axis is directly contrary 
to that of the circitor on its axis ; and lastly, comes the second 
contravector whose office is, to form, with the anticircitor, a new 
movement of trepidation dimmishing that of the orbit in latitude 
which, by the movements given to the first circitor and contra- 
vector, it seems to have been impossible to avoid mating too 
great, without, at the same time, diminishing too much the ex- 
tent of the trepidation of the node in longitude. In the spheres 
of the second class, for each superior planet, the first was the 
circumductor which revolved upon the axis of the ecliptic in the 
interval between two consecutive conjunctions or oppositicms of 
the planet with the sun; under this, in the same order as before, 
follow the circitor and contravector, which produpe a trepidation, 
or an altemailion of the planet’s motion in longitude, together 
with the corresponding variations of its latitude ; and finally, 
come the anticircitor and second contravector, whose uses are, to 
dimmish the latitude which would result fi:om the movements of 
the two former spheres. The last sphere was supposed to carry 
the planet itself *: thus the first five spheres produced the direet 
and retrograde movements supposed to have been observed in 
the nodes of the planet, and those variations of the planet’s mo- 
tion in latitude which recur in the course of its sidereal revolu- 
tion abo'ut the earth ; and the last five, produced the direct and 
retrograde movements of the planet itself and the variador® of 
its velocity, both in longitude and latitude, which are accom- 
plished in the period of a revolution with respect to the sun- 
Tho principal differences between the movements of the 
spheres belonging to the inferior, and those belonging to the su- 
perior planets are, that the first circumductor, in the fmmer, is 
made to revolve about its axis in one year, the time in which 
» Homocentiica, sect. 2. 
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tlie Sim, tte apparent centre of their elongations, reTolyes abont 
the earth, and the second circnmductor rerolves about its axis 
in the interval between two inferior conjunctions of each planet ; 
and the trepidation produced by the circitor and contravector, in 
the second class of spheres, extends on either side of the sun as 
far as the greatest elongation of the planet from that luminary ^ 
Four spheres were supposed to accompany the sun, and of these, 
the first is placed immediately under Mars, in order that the 
motion of the luminary may not be aftected by that of the planet; 
under this is a circumductor, which revolves in a year on an 
axis coincident with that of the ecliptic ; and then follow, the 
circitor and contravector, by which an alternately direct and re- 
trograde movement is produced in longitude ; this movement 
being combined with the superior movement of the circumduc- 
tor, which IS constantly in direct order, produces the apparent 
accelerations and retardations of motion observed in the sun. 
The orbs which accompany the moon are stated to be seven ; 
the first is placed immediately under the sphere of Mercury to 
counteract the efiect produced by the spheres of that planet ; the 
second is made to revolve on the axis of the echptic in a direc- 
tion contrary to the order of the signs, and with a velocity equal 
to the letrogradation of the moon’s node, the third is a circum- 
ductor which also revolves upon the axis of the ecliptic but 
in direct order, and accomplishes its revolution in the time of a 
sidereal revolution of the moon ; then follow the circitor and con^ 
tiavector, which produce an alternately direct and retrograde 
movement in longitude and a motion in latitude ; and, in com- 
bination with the movement of the circitor, cause the direct 
motion of the moon to be alternately accelerated and retarded ; 
lastly, come the anticircilor amd second contravector, whose 
movements diminish, as m the systems of the planets, the lati- 
tude which would result from the movements of the two former 
spheres 

The system proposed by Fra Castorius for the fixed stars, 
consisted of four spheres, which together constituted what was 
called the eighth sphere. The first, or the Primum Mobile, re- 
- reived on the axis of the equator from cast to west, in 24 hours, 

* Homocentiica, sect. 3. ^ Ibid. 
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and carried within it all the ^other spheres. The second was a 
circitor, whose axis of revolution w^as supposed to be in the line 
pining the, mean places of the equinoctial points, and the third 
was a contravector whose axis of revolution was inclined to that 
of the last spheie at a small angle , by the contrary revolutions 
of these two spheres the true equinoctial points obtained a move- 
ment of trepidation, which was supposed to be completed in 
3600 yeais, and to extend about 4 degrees on each side of their 
mean places. The fourth may be considered as a circumductor ; 
its axis of revolution coincided with that of the ecliptic, and it 
performed a revolution li'om east to west in 36,000 years j thus 
causing the general retrogradation of the equinoctial points, 
which was independent of the movement of trepidation just 
mentioned^. 

The number of spheres required in the theory above described 
is sixty-seven , but the inventor proposes ten others, to improve 
the representation of the phenomena of the fixed stais, and two 
additional spheies for the sun , which would make the whole 
number amount to seventy -nine. The theory, however, does not 
seem to have long enjoyed any reputation, and Ricciolus, in his 
Novum Almagesium says it was rejected by the best astrono-^ 
mers in his days, the distances it assigns to the different planets 
not agreeing with those indicated by their observed parallaxes; 
and the solid spheres not being compatible with the observed 
movements of the comets. It may be added that, in the age of 
which we are speaking, the apparent magnitudes of the sun and 
moon were known to be variable, and this circumstance is irre- 
concileable with the hypothesis of concentnc orbs ; but the in- 
ventor of a system is seldom at a loss for a prop to uphold the 
edifice he has raised ; and Castorius supposes that the celestial 
spaces are filled with matter of various degrees of density, in 
consequence of which, when a planet passes from a rarer to a 
denser medium, it appears larger, from the greater refiraction of 
the light. By a similar explanation he accounts for the various 
durations of the eclipses of the moon : the image of the sun, he 
observes, being more or less magnified, the cone of shadow cast 


^ Homocciitncd, sect. 2. 
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by the earth is raore or less thick ; and hence the moon takes a 
longer or shorter time to pass through it. 

The system of eccentric spheres which had been invented 
by Purbach, was adopted by his pupil Regiomontanus, and 
continued during the folloiving century to be received m expla- 
nation of the cause of the celestial movements, but additions 
were made to it subsequently to the time of those mathemati- 
cians in order that its parts might correspond more nearly with 
those in the system of Ptolemy. The system thus modified was 
published by Magini in 1589; and it may be considered as 
formed directly from that of the Alexandrian astronomer by 
substituting material spheres for imaginary circles. Each planet 
was supposed to have, besides the epicycle moving between 
two eccenhic spheres, a sphere supplying the place of an 
equant or circle of mean motion; and, in the solar orbit, the 
eccentric sphere was in like manner supposed to revolve on the 
surface of another, to produce the movement of the apogeum 
and the observed variation of eccentricity. Pour spheres weie 
given to the fixed stars as in the system of Castorius, for the 
purpose of explaining the phenomena they were supposed to 
exhibit, and the ecliptic of the Piimum Mobile was considered 
as invariable in space , each pole of the ecliptic belonging to 
the next interior sphere was supposed to have a libratory motion 
about the nearest pole of the fixed ecliptic by means of two small 
spheres, of which one was a deferent and the other an epicycle, 
and thus was produced the variations in the obliquity of the 
ecliptic to the equator. Each of the equinoctial points bdong- 
ing to the third sphere from the extenor, was also supposed to 
have a libratory motion about the corresponding point on the 
fixed ecliptic by means of a small deferent and epicycle, to 
account for what appeared to be the variations of the fixed stars 
in longitude and latitude; and, finally, the interior sphere was 
supposed to produce the mean precession in longitude. Nothing 
is more remarkable in the ancient astronomy than that the 
opinion of an alternately direct and retrograde movement of the 
fixed stars in longitude, and of a movement in latitude, should 
have so long prevailed; since it is now well known that, though 
such movements do exist, they are much too small to have been 
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detected by the instruments then in use; and, therefore, the 
opinion must have originated in, and have been supported 
duiing all the time on, errors of observation. Ricciolus observes, 
however, that the astronomers of the school of Alphonsus sup- 
posed the true motion of the sphere of the fixed stars, with 
respect to the equinoctial points, to be always direct, but the 
velocity to be vamble, so that when this motion was more swift 
than that of the sun, it seemed to be direct; when more slow, 
to be retrograde. And when, from superior accuracy in the 
instruments, and better modes of observing, this apparent retro - 
gradation was no longer found to exist, the opinion still prevailed 
that the movement of the equinoctial points was variable, though, 
both really and apparently, in direct order. 

The systems of the universe thus “ toith epicycle and eccentric 
scribbled o'er,” may be considered as having prevailed trom the 
age of Apollonius to the end of the sixteenth century; and tbeir 
complexity went on increasing with time tiU it became, at 
length, so great as to render them unfit lor the purpose of assist- 
ing the imagination in conceiving the motions of the heavenly 
bodies: the removal of the prejudice in favour of the stability of 
the earth and of the circular movements of planets, which had 
taken possession of the minds of the first astronomers, hke 
a pleasing but noxious plant spontaneously springing up in a 
virgin soil, and which, nourished by a blmd respect for the 
sentiments of the learned men of antiquityhad, for centuries, been 
taking root, was, however, a woik of too great difficulty for 
men in ages when freedom of thought, in philosophy and reli- 
gion, was considered equally criminal. But the energi^ of the 
human mind, though liable to be occasionally subdued, axe 
incapable of being utterly destroyed, and a happy idea, as it 
were by an inspiiation from heaven, comes in due time to rouse 
the dormant powers of man; then, disregarding the beaten 
track, he boldly prosecutes his researches in the now found 
way and, lor a long time, discoveries follow each other with 
astonishing rapidity. A revolution of this nature took place 
at the commencement of the seventeenth century ; and, before 
the hght of sound philosophy, vanished the erroneous notions 
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of the ancients concerning the system of the universe along 
mth the idle dreams of judicial astrology. 

We have shewn th4t an attachment to this pretended art pre- 
vailed to a great extent in the heathen world; the desire which 
all men feel to penetrate into iutunty had rendered the practice of 
it profitahle, and its professors had, in the hope of gTeater gain 
and credit, a motive to lay its foundations in the true science of the 
stars; but, as these persons sometimes presumed to interfere, by 
their predictions, in political matters, it w’as to be expected 
that they should occasionally render themselves obnoxious to 
the constituted authorities ; and we find that they were frequently 
banished firom Rome as enemies of the state. The first Christ- 
ians who considered any enquiry into the hidden purposes of 
the Deity to be an act of impiety, entertained the utmost horror 
of astrology, and compelled such of their proselytes as had been 
addicted to it, immediately to abandon the practice of the art 
on pain of excommunication; but the disciples of Mohammed 
seem to have been subject to no such prohibition, for they 
devoted themselves to the study with the greatest ardour, and it 
would seem that all their lesearches m astronomy were directed 
only to that end : the writings of this people were the cause that 
the art was introduced into Europe, and, it is not wonderful 
that, in an age characterised by credulity and ignorance, it 
should be as eagerly pursued in this part of the world as it had 
been in the East; in fact, nearly all the astronomers of Europe, 
firom the time of Alphonsus even to that of Copernicus and 
Kepler, were deeply imbued with this degrading superstition. 
From time to time the voice of some person moie enlightened 
than his contemporaries was raised to shew the vanity of astro- 
logy, but the fears and hopes of man continued to support the 
delusion till the fallacy of some predictions to which great im- 
portance had been attached, disabused persons of superior 
information: from that time the popular prejudice in its favour 
began to abate, and gradually the art itself felf into con- 
tempt. Picus de la Mirandola was one of its first opponents 
but Ids opposition was at the time considered impious, and it 
was predicted that he would perish by divme justice before he 
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was thirty-three years of age; in fact he died at the age of 
thirty-two; and it is more than probable that the astrologers 
took effectual steps, by poisoning a dangerous enemy, that their 
prediction should be fulfilled. 

During the 1400 years which had elapsed since the time of 
Ptolemy, the doctrine of the immobility of the earth was per- 
tinaciously maintained by the astronomers of Asia and Europe 
and, to support the system fonned upon it, in spite of its insuf- 
ficiency to account for many phenomena which the numerous 
observations made in that time had brought to light, it was ne- 
cessary to have recourse to the most extravagant hypotheses 
and to complicate the machineiy of the heavens to such a 
degree as to divest it of every semblance of possibility, but 
while nearly all the learned in Europe were, with servile 
timidity, following the path of their predecessors, one man alone, 
in the beginning of the sixteenth century, ventured, though with 
cautious steps, to trace a route which appears to lead almost di- 
rectly to the tiue system of the nnivei se , this was Copernicus who, 
in 1543, published his work re'volutiomhus orhium cceles- 
in which the phenomena of the movements of the planets 
are explained on the supposition that the earth has a motion 
upon its axis and about the sun. We have seen that this hy- 
pothesis had suggested itself to many of the ancient philoso- 
phers, but no attempt had been, before, made to found upon it a 
system of astronomy, and, therefore, to this work of Copernicus 
we must ascribe the origin of that revolution which took place 
in the science when the parent idea was confirmed by the dis- 
coveries of Kepler and Newton. 

It must be observed, however, that Copernicus wanted aU 
those arguments in support of the opinion that the earth was 
endowed with a movement of rotation and translation, which 
have been drawn firom discoveries made subsequently to his 
time ; and, in reply to the objections of his contemporaries, who, 
firom the pride which is ashamed to yield, persisted in the doc- 
trine they had so long maintained, he could only urge the sim- 
plicity of the system and appeal to what he considered the tes- 
timony of the ancients in its favour. Thus, in the preface to 
his work, written when near his last moments, he deprecates the 
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censure of the reader for publishing a theory so contrary to that 
which was generally received in his time, and excuses himself 
on the ground that he is not the author of the idea which he 
takes as the basis of his system of the universe. He quotes a 
passage from Cicero in which it is stated that Heraclides, Ec~ 
phantus and Nicetas supposed the earth to revolve about the 
centre of the universe, and that Philolaus had asserted the earth 
to be one of the stars; and he shews that Aristotle and Plutarch 
have asenbed to the Pythagoreans the opunon that the earth 
turns about the central fire, which he supposes, erroneously as 
we have seen, to signify the sun. But we find that though the 
comparative simplicity of his system recommended it to a few 
men like himself who could give up, in favour of an hypothesis, 
what appeared to be the evidence of their senses ; yet, with the 
generality of mankind it happened, as might be expected, that 
the latter outweighed every consideration drawn from percep- 
tions of beauty or convemence; and, if we add to this, the opi- 
nion then entertained, that, to consider the earth as holding 
only the same rank in the universe that was occupied by the 
other planets, instead of regarding it as the principal object for 
which the sun, moon and stars were created, was to hold a» doc- 
trine directly opposed to that taught m the Scriptures, we shall 
not be surprised that the reasonings of Copernicus and his 
disciples were long in acquiring any influence over the minds of 
men : indeed it cannot be said that those reasomngs were gene- 
rally adopted till the discoveries of Galileo, in mechanical 
science, had disposed the learned to reflect that the movements 
of the planets might be regulated by the laws which influence 
the mutual actions of terrestrial bodies. 

It must, however, be distinctly understood that the planetary 
system promulgated by Copernicus is very far removed from 
that which, at present, is distinguished by his name ; which can 
be said to have originated only when Kepler had discovered the 
eUipticity of the orbits of the sun, moon and planets ; and to 
which, indeed, it corresponds, only, in the circumstance of the 
earth’s motion : his system, on the contrary, has many points of 
resemblance to that of Ptolemy, and the reasons by which he 
establishes th^ nature of the orbits are nearly the same ; he lays 
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down, as a principle* ttat the universe must be spherical because 
a sphere is the most perfect, or the most capacious of figures ; 
that the natural motion of a sphere is circular and that it ex- 
presses its form by its motion*’ , he observes that the apparent 
inequalities of planetary movements have regular returns, which 
could only be the case with bodies moving in circular orbits ; 
and he concludes that those movements must, in reality, be 
unifonn, since no cause can be assigned for any inequahty, 
either external or internal, with regard to bodies whose nature 
is so regulai. The spherical form of the earth is inferred fiom 
the appearance presented by a ship as it approaches to, or re- 
cedes fiom a spectator on the shore : and, in a section which 
treats of the place of the earth, he argues that, since the motions 
of the planets cannot be represented by homocentric circles, and 
that every planet has its own centre of motion, no reason can be 
given why the eai'th rather than any one of these centi'es should 
be m the midst of the universe , also, in combating the argument 
which the ancients drew Jfrom the descent of heavy bodies, 
he observes that there is no reason to suppose this property 
peculiar to the earth and if, in thought, says he, we place our- 
selves m any other planet, even in the sun, we shall then, still, 
think ourselves at the centre of the celestial movements. 

Ptolemy had urged in support of his opinion of the earth’s 
immobility that, if it revolved on its axis, all the objects on its 
surface would, by the swiftness of the motion, be thrown fi-om 
thence and dispersed in space ; and, in reply to this argument, 
Copernicus turns it against the objector by observing' that the 
diurnal revolution of the sphere of the universe, on its axis, would 
be more likely to derange the situations of the heavenly bodies; 
adding, though it should be admitted, as the ancients supposed, 
that such revolution was necessary to prevent the stars from 
falling to the earth, yet this would only hold good of those 
which were at one particular distance fi:om thence ; those more 
distant, he observes, having greater velocity would continually 
recede, and the heavens would have no bounds. This argument, 
which IS drawn with so much propriety from physical consider- 

* De Revolutione, Lib. I. cap. 1. i> Ibid. Lib. I. cap. 4. 

• Ibid. Lib. I. cap. 8. 
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ations, is followed by a metaphysical, and, certainly, a mncli 
less satisfactory reason why bodies should remain on the surface 
of the earth notwithstanding its movement ; for he observes that 
things which are natural are governed by laws contrary to those 
which appear in whatever is violent and opposed to the order of 
nature. Such a reply is much in the taste of the ancient schools^ 
the question being left just as it was found ; but, though it 
appears, from this observation, that the ideas of Copernicus con- 
cerning centrifugal forces were not more fixed than those of 
Anaxagoras, yet the Polish philosopher speahs almost tlio 
language of Newton when he says^ that the cause why sub- 
stances near the earth tend to its centre is only a natural 
tendency, given by the Supreme Being to all particles of matter^ 
to unite and form globes , a tendency, ho adds, by which the 
sun, moon and planets probably acquired the spherical form, 
and which did not prevent them from performing their difierent 
revolutions. The planets therefore being in motion, he infers^ 
from analogy that the earth, also, is in motion ; but the supposed 
motion of the sun being thus transferred to the earth, the former, 
he observes, may be at rest ; and he proceeds to shew how, ou 
this hypothesis, the alternately direct and retrograde movementg 
of the planets may be explained. 

Let, for example, s [Plate XV, fig. 3] be the sun ; a B o i), part 
of the earth’s orbit ; abed, part of the orbit of a superior planet, 
and X Y an arc of the celestial sphere. Then, if a be the place 
of the earth when the planet is at a, in opposition to the sun, 
the planet will, to a spectator on the earth, appear at a' in the 
heavens ; and the angular motion of an inferior planet being 
more rapid than that of a superior planet, when the earth is at B 
the planet may be supposed at b and, consequently, will appear 
in the heavens at b', having, in the same time, apparently do^* 
scribed the arc of retrogi-adation a'b'. In like manner, while 
the earth describes b c, and the planet the corresponding arc b o, 
the movement in the heavens will be represented by B' c' which 
is still retrograde : but, when the earth is arrived at n and tho 
pWaet at d, the apparent place of the latter will be n'; so that, 
m fhis last interval, its apparent movement lyill be in direct 
* Ba Bevolutione, Lib. L cap, 9. 
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order ; and, for a shoit time before and after the change, the 
planet would necessarily appear stationary with respect to the 
fixed stars. The apparent motion will, then, continue for a 
certain time, direct, after which, as might be easily shewn, it, 
again, becomes retrograde, and so on, alternately. And in a 
similar way the alternations of motion in the inferior planets may 
be explained. 

In the system promulgated by Copernicus, the earth is sup- 
posed ^ to have a threefold movement, of which the first is the 
diurnal rotation on its axis , the second, the annual revolution 
about the sun ; the third, a conical revolution of the earth’s axis 
about an imaginary line perpendicular to the plane of the 
ecliptic and passing through the centre of the earth, which he 
considered as the vertex of the cone ; and the inchnation of the 
earth s axis to this line was supposed to be equal to the mean 
obliquity of tire ecliptic to the equator. The rotation of the 
earth on its axis pioduced the succession of days and nights, 
and the conical revolution of the axis was intended, by Coper- 
nicus, to produce a constant parallelism of the eaiih’s axis 
during the annual revolution, and thus, to cause the daily change 
of the sun’s dechnation and the succession of seasons j for which 
purpose one of these conical revolutions should have been per- 
formed exactly in the time of an annual revolution of the earth 
about the sun ; but, to account for the retrogradation of the 
equinoctial points, the penodical time of this conical revolution 
was supposed to be less than the time of an annual revolution 
of the earth by about 20 minutes which, in one year, would cause 
each of those points to move from one conjunction with a line 
joining thelcentres of the earth and sun, to the next, in just so 
much less time than it would have required to revolve from one 
conjunction with a line joining the earth and any fixed star, to 
the next ; this renders the distance, on the trace of the ecliptic 
in the heavens, between the two positions of either equinoctial 
point, at the interval of one year, equal to the huown value of 
the retrogradation. 

Before the time of Copernicus, the means of maldng observa- 
tions had been considerably improved ; the ancients originally 
^ * Be Kevolutione, Lib, I. cap. 11, 
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designated the time at which any phenomenon occurred, by the 
morning, evening or midnight ; and the later Greek astronomers, 
either by a clepsydra or by a sim?dial, neither of which admitted 
of accurate subdivisions : but we are indebted to Regiomontanus, 
a friend of Purbach, for the first proposal to determme the hour 
of an observation by the altitude of the sun or a star, simul- 
taneously taken ; a method susceptible of great precision. A 
ball suspended by a string from a fixed point is said to have 
been early used to measure, by its vibrations, small intervals of 
time : but Walter of Nuremberg, a pupil of Regiomontanus, was 
the first who made use of clocks formed of wheel work, to which 
motion was given by a weight ; it was not, however, till the 
middle of the seventeenth century, when a son of Galileo ap- 
plied to such a machine, a pendulum, in order to regulate its 
movements, that they were rendered available as time keepers 
for astronomical purposes. It appears that the method of ob- 
servmg the places of stars had not changed between the times 
of Hipparchus and Copernicus, for the latter, in descnbmg the 
process he employed, states that the longitude of the sun was 
found from the tables and, the Astrolabe being adjusted to coin- 
cide with the plane of the ecliptic, the degree on the circle re- 
presenting this longitude was, by one of the Alidades, directed 
to the sun , the other alidade was directed to the moon and, 
subsequently, to the star; by which means the differences of the 
longitudes of the sun, moon and star were ascertained : Walter of 
Nuremberg had, however, previously to the time of Copernicus, 
recommended that the planet Venus, when visible together with 
the sun, should be used for the same purpose instead of the 
moon, in order to avoid the errors arising from the inaccuracy of 
the lunar tables, when the movement of the moon was deter- 
mined for the mterval between the times at which the alidade 
was directed to that luminary and to the star. The same astro- 
nomer proposed, also, to determme the places of planets by taking 
their angular distance from two or more stars ; and, from thence, 
to compute, by trigonometry, their longitudes and latitudes, those 
of the stars being supposed to be known , a method which is 
now superseded by that practised m fixed observatories but, still, 
advantageously employed to determine the places of comets or 
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Ptolemy, to experience continual diminutions; and the place 
of the apogeum, which was, at first, thought to be fixed in the 
heavens was, by the like comparison of observations, suspected 
to be moveable, in an order alternately direct and retiograde. 

The inequalities supposed to have been observed in the 
length of the tropical year were, by Copernicus, ascribed to four 
different causes, the first is the variation of the precession 
which, he observes, was the only one known to Ptolemy ; and 
which is now considered msensible. The second, which he 
denominates the sunk's annual equation, is nearly that which is 
now called the parallax of the earth’s orbit, being the angle sub- 
tended, in the region of the fixed stars, by the semidiameter of 
the latt:er ; in consequence of which the apparent motion of the 
sun, in a given time, if seen firom the earth, is not in reality so 
great as the corresponding motion of the earth if seen from the 
sun ; though the best modem observations have shewn that this 
angle, also, is insensible. The third is a variation in the above 
equation on account of the eccentricity of the orbit, by which 
the centre of uniform motion does not coincide with the sun ; 
and the fourth depends on the observed movement of the sun’s 
apogeum or, as it should now be called, the aphelion point of 
the earth’s orbit. 

The variations determined by observations at different 
seasons, m the equation of the sun’s centre, and in the movement 
of the aphelion, not being found capable of explanation by the 
hypothesis of a simply eccentric oibit, Copernicus was reduced 
to the necessity of making the earth move upon an epicycle in 
the following manner. Let c (Plate V. fig. 1) be the centre of 
the ecliptic apG, and make cs equal to the mean eccentricity, 
then s may represent the place of the sun : about c, as a centre, 
describe the circle the with a radius equal to half the difference 
of the greatest and least eccentricities ; then, the centre H, of 
the e|)icycle akp, on whose circumference the earth performs 
its annual revolution, in direct order, or from A towards k, is 
supposed to be earned slowly and in retrograde order, on the 
circumference of the circle ehf during that revolution; by this 
hypothesis ap, the Ime of the apsides, will have a libratory 
motion about ap, producing the supposed alternate movement 
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of the aphelion point a ; the eccentricity sh will be variable, 
and will produce corresponding variations in the equation of 
the centre. Copernicus makes the ratio of sc to ce equal to 
that of 369 to 48, from such observations as he had reduced ; 
his determination of the sun’s parallax is the same as that of 
Hipparchus, but he makes the angular diameter of the sun 
equal to 31' 48" and 33' 54", when in apogeo and pengeo, re- 
spectively. 

An important advantage obtained from the system of Coper- 
nicus was, that it afforded a means of determining the relative 
distances of the planets from the earth and sun, by taking the 
rectilinear distance between two positions of the earth as a base, 
at times when, by computation, any planet whose distance is 
required is in the same point of its orbit, and finding the angles 
subtended at the^ earth by the interval between the sun and 
planet and that between the planet and some fixed star. Thus, 
let S (Plate Y. fig. 3) be the sun ; s a fixed star, e and e' places 
jof the earth in its orbit, at two times, when a superior planet is 
in one and the same point p of its orbit ; then p and p' may be 
supposed to be the two apparent places of the planet when seen 
from E and e' respectively. Imagine e s' to be drawn parallel 
to e's; then, the whole diameter of the earth’s orbit being in- 
sensible in the celestial sphere, we may consider s and s' as 
coincident, and the angle s'Ep as equal to sEp : but sE'p' and 
SEp, or its equal, s'Ep, are the visible angular distances of the 
star and planet when seen fiom e' and e respectively, and the 
difference p p', of the arcs sp' and sp, which measure those 
angles, may be considered as the measure of the angle ppp', or 
epe', which is, therefore, known from observation: the line 
EE' is known because each of the sides Se and Se' is supposed 
equal to unity, and the angle eSe' is the difference of the sun’s, 
or of the earth’s longitudes at the times of observation, which 
longitudes are known fiom the tables of the sun^ motion. The 
difference between the sun’s longitude when the earth is at E', 
that is, the angle T S S', or the arc T S' in the celestial sphere, 
(T being the equinoctial point) and the planet’s geocentric 
longitude, at the same time, winch is measured by an arc inter- 
cepted between T and p', and is found from the tables, gives 
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the arc between S' and p', or the angle Se'p; and, since the 
angle S e' e is known, we have the angle e e' p ; therefore, in the 
triangle ee'p we have a side and aU the angles, to find e'p; and, 
in the triangle pe'S, we have e'p and e'S and the included 
angle ; from whence we may find pS, the distance of the planet 
jfrom the sun. The above is an outhne of the method by which 
Copernicus may have found these distances; it being undei- 
stood that all the necessary corrections have been made, to re- 
duce the angular distances of the planet from the star, to the 
plane of the ecliptic, in which the longitudes are computed. 

In the theory of the planets, Copernicus supposed those 
bodies to revolve about the sun, as we have said, and he pro- 
posed two hypotheses concerning the manner of their revolu- 
tions ; in the first, a homocentric, or circle described about the 
sun as a centre, earned an epicycle which was surmounted by 
another, and both epicycles had eq^ual movements but in oppo- 
site directions. In the second, a smgle epicycle, as mm' (Plate 
V. fig. 1) was carried on an eccentnc circle, as a op, whose 
centre c was supposed to be distant from the sun s, three-fourths 
of the value assigned, by Ptolemy, to the eccentncity of the 
orbit ; the semi-diameter of the epicycle was made one-fourth of 
the same value ; and both the planet in the epicycle and the 
centre of the epicycle itself were supposed to revolve accordmg 
to the order of the signs, with uniform motions. This hy- 
pothesis, however, was only appUed to the superior planets ; 
the eccentric circle of Venus was supposed to have no epicycle, 
but its centre moved on the circumference of a small circle, as 
in the system of Ptolemy ; and the great eccentricity of Mercury 
rendered it necessary, in order to bring the results of theory 
nearer to those of observation, to employ, for this planet, the 
following modification of the hypothesis proposed for the orbit 
of the earth: let she the place of the sun, and sc the mean 
eccentricity of Mercury: let ehe be a circle described about c, 
with a radius equal to half the difference of the greatest and 
least eccentricities; then the centre h, of the first epicycle akp, 
is supposed to move upon the circumference of the circle feh, 
and the planet itself to describe the second epicycle nn , whose 
centre a, moves upon the circumference of the former epicycle. 
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Copernicus is the first who drew, from the limited elongations 
of Mercury and Venus from the sun, the conclusion that the 
latter was contained within the orbits of those planets. 

In applying the first of the two hypotheses above mentioned 
to the lunar orbit, Copernicus supposes the deferent circle to be 
concentric with the earth ; the centre of the first epicycle to turn 
on the circumference of this, according to the order of the signs; 
the centre of the second, to turn on the circumference of the 
first in a contrary order, and the moon heiself on the circum- 
ference of the second, again according to the order of the signs. 
Twice in a month she was supposed to describe the circum- 
ference of the epicycle on which she moves; and when the 
centre of the first epicycle is in conjunction with the earth and 
sun, he considers the moon to be in perigeo, but when that 
centre is in quadrature, he supposes her to be in apogeo. He 
makes the diameter of the moon to vaiy firom 28' 45 " to 37' 33", 
and the parallax, from 50' 16" to 65' 44", which values, of both 
elements, are much nearer the truth than those assigned by 
Ptolemy. 

One cause assigned by Copernicus for the variations of a 
planet’s latitude was the obliquity of its orbit to the ecliptic by 
which the planet, in different positions with respect to its node, 
is at various distances fi:om the plane of the ecliptic , the second 
cause was supposed to depend upon the various distances of the 
planet from the earth, by which the circle of longitude inter- 
cepted between the former and the ecliptic appeai'ed to subtend 
various angles at the latter; and the third was referred to an 
oscillation of the orbit by which its inclination W'as increased or 
diminished, and this, as in the more ancient hypothesis, was ex- 
plained by supposing the mean node to revolve on the circum- 
ference of a small circle whose centre was fixed in the plane of 
the ecliptic. 

The movement given by Copernicus to the earth served to 
explain the alternations of planetary motion, firom direct to re- 
trograde, and the contrary, which, in the system of Ptolemy, 
required a particular epicycle for each planet; the equation of 
the centre, in any orbit, was provided for by the eccentricity 
which both the ancient and modern astronomer assigned to the 
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deferent; and the epicycle retained by the latter was intended 
to account for the other variations which, up to his time, had 
been discovered: it does not appear, however, that Copernicus 
had adjusted the positions and dimensions of the circles so as to 
make them represent all the phenomena which had been ob- 
served in the movements of the planets and it would be useless, 
now, to attempt such an adjustment. The system mustbe admitted, 
notwithstanding the advantages it derived from the happy idea 
of placing the sun in its centre, to have been extremely compli- 
cated, principally on account of that unfortunate adherence to 
the ancient prejudice in favour of circular and uniform motions 
which prevailed to the time of Kepler. Reinhold, the friend 
and disciple of Copernicus, makes mention indeed of an oval 
figure in speaking of the orbits of the planets, and observes that 
it maybe considered as the real orbit of Mercury, he seems, 
however, to have in view only the curve described by the centre 
of the moon’s epicycle in the system of Ptolemy which, as he 
could not avoid remarking, is of that land, the observation is 
woithy of notice in the history of astronomy, but it cannot be 
considered as an anticipation of the discoveiy, subsequently 
made, of the true forms of the planets’ orbits. 

It would seem as if Copernicus had been inclined to admit 
the materiality of the orbits ; for, speaking of his own hypo- 
thesis, in which, as in that of Ptolemy, the centre of mean 
angular motion and that of constant distances are at different 
points in space, it is, he observes, contrary to the laws of 
physics that a body “should revolve about two points with no 
material object to retain it in its place : he adds that, to enable 
it to do so, it would be necessary to have, attached to each 
planet, a spirit or intelligence which should fulfil two different 
conditions at the same time: and it is not improbable that 
Copernicus, whose notions of the principle of attraction were 
very vague, might have been induced to fail m with the material 
hypothesis rather than have recourse to the agency of spiritual 
beings, which some astronomers of that age had adopted from 
the philosophy of the Platonists. When we consider the state 
of the human mind in the time of Copernicus, we hardly know 
whether to admire most hi^ merit in the invention of those 
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hypotheses by which his theory of the earth’s motion was 
made to satisfy the observed phenomena of the heavenly bodies, 
or the boldness which prompted him, in defiance of the preju- 
dices of his age, to make public a theory of which the fun- 
damental points were, then, incapable of proof. It was not till 
the discovery of the spheroidal figure of the earth that a direct 
argument could be offered in favour of its rotation on its axis ; 
nor, till the discovery of the velocity of light and the aber- 
ration of the stars, that the earth’s annual motion could be 
demonstrated. 

A set of astronomical tables, computed on the system of this 
distinguished philosopher was published in 1551, by Heinhold, 
and was found to be more accurate than that of Ptolemy; but it 
is easy to conceive that this was due not so much to the supe- 
riority of the new system over the former, as to the better data 
afforded by the more accurate observations which had then 
been made. 
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CHAPTER XVIIL 

THE WORKS OF TYCHO BRAHE AND KEPLER. 

The system of Tycho Brahe. — The moon’s variation and annual equation 
discovered —Erroneous ideas of Tycho Brahe concerning the distances of 
the planets and stars. — Opinions concerning the orbits of comets.— A new 
star seen. — Improved methods of obseiving the celestial bodies. — Correct 
ideas of Tycho Brahe concerning the precession. — Character of Kepler — 

He discovers that, in the eaith’s orbit, the centres of mean motion and of 
mean distance are not coincident. — His manner of computing the distance 
of the earth from the sun. — He discovers the elliptical form of the orbit of 
Alais. — Relation of the areas described by the earth’s radii vectores. — His 
manner of determining the radii vectores and the anomalies — An imaginary 
relation between the distances of the planets founded on an inscription of 
the regulai bodies within their orbits — He discovers the relation between 
the distances of the planets and the times of their revolution. — His hypo- 
thesis of attraction. — The planetary motions supposed to result from the 
combination of two forces. — The tides ascribed to the action of the moon. — 
Change made by Kepler in the system of Copernicus. — His law of astrono- 
mical refraction. — The last correction of the Calendar. 

It will be unnecessary to dwell long upon tlae system proposed 
by Tycho Brahe, a celebrated Damsh astronomer, who was for 
some time contemporary with Copernicus, and lived to the end 
of the sixteenth century ; in the latter part of which he was dili- 
gently employed, in a severe climate, in making celestial obser- 
vations with large and accurate instruments, several of which 
were his own mvention. Less happy in systematising than in 
observing, Tycho Brahe seems to have endeavoured to unite the 
hypotheses of Copernicus with those of Ptolemy, perhaps m- 
duced by the repugnance, then universally felt, at the idea of the 
earth’s movement, and a desire to share the reputation which the 
Polish philosopher had recently acquired. He supposes the 
earth to be stationary, in space, at the common centre of the or- 
bits of the sun and moon ; hut he considers the sun to be the 
moveable common centre of the orbits of all the other planets. 
In his lunar system, he modified that of Copernicus by causing 
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the deferent, which was still made to carry a double epicycle, to 
be eccentric with respect to the earth , and by this combination 
the inequalities of the moon’s motion, which had been discovered 
by Ptolemy, could be represented : but the observations of Tycho 
Brahe led to the knowledge of a new inequahty which disap- 
pears in the syzygies and quadratures, and was found to have 
the greatest value when the luminary is in the octants, when it 
was supposed to amount to 40' 30 ' ; this is that which is now 
called the moon’s variation ; it is proportional to twice the dif- 
ference between the apparent longitudes of the moon and sun, 
and its maximum value is about 4 minutes less than that which 
was, at the first discovery, assigned to it. In order to represent 
it, Tycho Brahe supposed the centre of the moon’s eccentric to 
move, in direct order, upon the circumference of a small circle 
with a velocity equal to the double of that with which the moon 
advances firom the sun , the circumference of this small circle 
passed through the earth, with which, in the syzygies, the cen- 
tre of the eccentric was supposed to coincide ; while, in the 
quadratures, it coincided with the opposite extremity of that 
diameter of the small circle. The centre of the first epicycle 
moves upon the deferent with a velocity equal to the moon’s 
mean motion in longitude ; that of the second epicycle moves in 
retrograde order, with the anomalistic motion, and the moon her- 
self moves in direct order, upon the second epicycle, with a 
velocity which is the double of that last mentioned : and it may 
be observed that when! the centre of the second epicycle is in the 
apogeum of the first, the moon is in the perigeum of the second. 
Tycho Brahe, from his observations, computes that the semi- 
diameter of the first epicycle is equal to 5800 ; of the second, 
^900 ; and of the small circle at the centre of the deferent, 2174 , 
the distance fi:om the earth to the apogeum of the deferent be- 
ing equal to one hundred thousand. 

It appears also that Tycho Brahe had discovered, by com- 
parisons of the observed with the calculated places of the moon, 
that another inequality existed in the motion of that luminary : 
he does not, however, make a separate equation for it, but intro- 
duces it into that value of the equation of time which he em- 
ploys in computatioris relating to the moon ; perhaps because, 
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to do otherwise, would have rendered another epicycle neces- 
sary, in the lunar system. The correction for this inequality is 
that which is now denominated the moon’s annual equation, and 
its maximum value is 11' 9", but it is proved by Delambre that it 
was estimated at 4' 30" by the Danish astronomer. The latter 
represented the variations in the place of the moon’s nodes, and 
in the inclination of her orbit, by a conical revolution of the axis 
of the orbit about the line of its mean position. 

The sun’s orbit is a simple eccentric circle whose radius he 
made equal to 1142 semi-diameters of the "earth; but the hypo- 
theses proposed to explain the movements of the planets are 
nearly the same as those of Copernicus. The system of Tycho 
Brahe possesses, therefore, no advantage in respect of simplicity 
over any of those which preceded it and it appears to have 
wanted even the interest which novelty inspires, since theie are 
obscure intimations that a planetary system identical with that 
of the Danish astronomer had been, before, proposed by Apollo- 
nius of Perga and, nearer to his own time, by Martianus Capella. 
Whoever might be the inventor, it can only be considered as a 
combination of truth and error, forming a link which ingeniously 
connects together the ancient and modem machinery invented 
to exhibit the celestial phenomena; for a time it enjoyed some 
reputation among the learned of Europe, but it has, long since, 
sunk into merited oblivion. 

The most erroneous ideas still pievailed concerning the mag- 
nitudes and distances of the planets and, indeed, it could not be 
otherwise, from the impossibility of detecting the true values of 
the parallaxes with the instruments then in use. Tycho Brahe 
m?ide the proportions between the linear diameters of the sun 
and earth, and the distances of the sun and moon from the latter, 
nearly the same as those given by Ptolemy ; and, like the Ara- 
bian astronomers, he supposed that the sphere of the fixed stars 
was nearly contiguous to the orbit of Saturn. The axis of the 
earth, in the system of Copernicus, remaining parallel to itself, 
while it revolves about the sun, is, necessarily, directed in succes- 
sion J:o different points in space during that revolution : but the 
polar distance of any fixed star not being perceptibly different 
in wmter and summer, when the earth should be at the opposite 
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extremities of its orbit, Tycho Brahe draws from this fact an 
argument against the supposed movement of the earth ; assert- 
ing that to satisfy the constancy of the polar distances, on this 
hypothesis, it would be necessary to suppose the fixed stars to 
he so remote that the diameter of the earth’s orbit might be 
invisible if seen from thence : but to this remoteness he objects 
on the ground that the stars appear, to the eye, of a sensible 
magnitude which, against all probabihty, would, such being the 
distance, indicate that they were, in reality, so great as to fill a 
space e<iual to the orbit of the earth : the telescope has, how- 
ever, removed the objection, for it shews the stars only as indi- 
visible points ; it is not necessary, therefore, to suppose them 
superior in magnitude to the sun; like him they may shine by 
their own hght ; and their distance from our system is actually 
such, that a space m their region, eq^ual in extent to the diame- 
ter of the earth’s orbit subtends from the latter no visible angle, 
consequently the axis of our planet will always appear directed 
to the same point in the heavens. 

In giving a reason why the planets always move in the same 
paths he alleges, in the spirit of the ancient philosophy, that 
the circular motion is natural to the celestial bodies; but he 
seems to be the first astronomer who, from the movements of 
the comets, in space, uiferred that the planetary spheres could 
not have a material existence since, as he observes, the comets 
evidently pervade them in various duections. It had been 
before supposed, by those who ranked the comets among the 
celestial bodies, that the former revolved about the earth in orbits 
situated between those of the planets ; and reasons, founded on 
the imagined quahties of the comets themselves, were offered to 
explain why they should be only occasionally visible : except 
in this respect, it seems to have been supposed that they were 
subject to the laws which governed the other planets. Corne- 
lius Gemma, who thought he perceived that the curves they 
described were of an oval form, imagined this appearance to be 
an effect of perspective arising from the planes of their orbits 
being seen obliquely by a spectator on the earth ; and, in con- 
formity with the ancient prejudice, he conceived that the orbit 
of a comet consisted of a deferent circle whose plane was coin- 
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cident with that of the ecliptic and of which the sun or the 
earth was the centre, and of an epicycle perpendicular to the 
plane of the deferent. 

The system of Tycho Brahe, as well as that of Copernicus, 
admitting that the latter astronomer did not insist on the mate- 
riality of the planets’ orbits, had the advantage over the more 
ancient systems, of being consistent with the hypothesis that 
the comets revolve about the sun and, consequently, allowed 
their disappearance to be accounted for by supposing them, 
when near their aphelia, to be too far distant from the earth 
to be visible from thence. The former astronomer assigns this 
reason, and he coincides, in opinion, with those who considered 
their orbits to be circular, but he rejects the epicycle of Gemma 
as unnecessary, and as inconsistent with his observations on the 
comet of 1577 whose movement, when in opposition to the sun, 
appeared to be in direct order, while, in like circumstances, the 
movements of all the superior planets appear to be retrograde ; to 
account for which, the earth being supposed at rest, the epicycle 
was introduced. This difference, however, in the directions of 
the motions of planets and comets afforded the Danish astronomer 
what he conceived to be an argument against the hypothesis of 
his illustnous rival; as if it were indispensable that the apparent 
movements of both should be always m the same order ; but 
these apparent movements are compounded of the proper mo- 
tions of the celestial body and of the earth ; and the superior 
planets move slower than the latter, which causes them, daily, 

, when in opposition, to be left behind, or towards the west, on 
comparing their places with those of the fixed stars ; whereas, 
if the true motion of the comet should be direct, and more rapid 
than that of the earth, its apparent motion would, also, with 
respect to the fixed stars, be in that order ; which was the case 
with the above mentioned comet, and, that so simple an expla- 
nation should not have occurred to Tycho Brahe, may be con- 
sidered as an example of the effects of prejudice in rendering 
the mind insensible to the most obvious reasons when they are 
opposed to a favourite notion. The supposition that the comets 
partake of the nature of planets, does not, moreover, seem to 
have been, then, generally admitted ; for many scientific men, in. 
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and subsequently to this age, considered those objects only as 
meteors existing in the atmosphere of the earth. 

In November 1572 there appeared in the constellation Cas- 
siopeia a remarkably brilliant star, which had not before been 
observed, and which continued visible there till March 1574, 
when, after a gradual diminution of lustre, it completely vanish- 
ed: this being the only change which had been known to take 
place in the appearance of the heavens since the revival of 
learning in Europe $ though, about 300 years before, a new star 
had in like manner been for a short time seen, naturally ex- 
cited great attention, and concerning its nature there were 
formed various opinions which, as may be conceived, betray 
some of the erroneous ideas then entertained with regard to the 
constitution of the universe. Tycho Brahe, who probably was 
the discoverer, not being able to ascertain that it had any sensible 
parallax, justly enough concluded that its place was beyond the 
refgion of the planets ; but he was less fortunate, in supposing 
that it was produced by a condensation of the matter collected 
in the via lactea, in which it was situated. Yallesius supposed 
that it was a small star previously existing, which had, simply, 
become brilliant on being brought, by a revolution of the sphere, 
among the denser hght in that portion of the heavens. Some 
persons thought it to be a comet without motion, and the ma- 
thematician John Dee proposed the idea that it moved alter- 
nately towards, and from the earth, in a right line, and ceased to 
be visible when very remote from thence. 

Tycho Brahe made considerable improvements in the prac- 
tice of observing the celestial bodies ; he ascertained, directly, 
the altitudes and azimuths of stars- from which, by computation, 
he determined their latitudes and longitudes ; and, as the ad- 
justments of instruments for the horizon and meridian are sus- 
ceptible of greater accuracy than those for the plane of the 
ecliptic, it is evident that this method possesses an important 
advantage over that which was formerly used : hke Walter of 
Nuremberg he, also, determined the relative longitudes of stars 
by observing the distances of each from two others whose places 
were known, with a large sextant which was capable of being 
adjusted to a plane passing through one of the known stars 
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and that whose position was required , and, having fixed the 
places of a few principal stars with respect to the equinoctial 
point by their distance, m longitude, firom the sun, which he 
ascertained by means of the planet Venus, the differences of 
longitude, observed as above said, gave the absolute longitudes 
of the others* To determine the time of an observation, he 
took the distance of the sun, or of a star, from the meridian 
with an equatorial instrument ; and thus obtained, at once, the 
horary angle of the celestial body. The Danish astronomer 
has the honour of being the fiist who applied to the observed 
altitudes of the sun, moon, and stars, the correction for the 
refraction of light : he ascribed this effect to the dense vapouis 
of the atmosphere, merely ; and, erroneously supposing that it 
was affected by the distance of the celestial body, he made the 
refraction of the light from a star less than that of the light 
from the sun or moon. He determined its amount, when the 
body is in the horizon, to be 34 minutes, which is nearly 
correct, but he thought it insensible at elevations greater than 
forty -five degrees. 

To conclude our account of the labours of this celebrated 
astronomer, we may state that he determined the precession of 
the equinoxes both by the difference in the lengths of the sidereal 
and tropical year, and by the longitudes of certain fixed stars 
which he had observed and compaied with the longitudes 
found by Copernicus, Albategnius, and Ptolemy , and he fixed 
its annual value at 51 seconds. He did not admit that ine- 
quality of the precession which Copernicus had adopted from 
the ancients, justly considering that it was due to the errors 
of observation. Finally, he perceived that the latitudes of 
stars, which Ptolemy had thought invariable, had undergone 
some small changes; and, having observed that the relative 
places of the stars remained constant, he rightly concluded 
those changes to be caused by a displacement of the plane of 
the ecliptic. 

In the beginning of his career, Tycho Brahe had been stimu- 
lated in his favourite pursuit by William, the Landgrave of 
Hesse, -who, in his own country, caused an observatory to be 
constructed and, occasionally, as a relaxation from the cares of 
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gOTernmentj superintended the operations of the scientific men 
to whom he had given it m charge. Between this enlightened 
prince and the Danish astronomer a correspondence was main- 
tained till the death of the former, which preceded that of his 
friend by about nine years The latter days of Tycho Brahe 
were embittered by persecutions, of which the causes are not 
wen known ; he was, however, compelled by the Danish 
Government to quit his observatory in the island of Huen, at 
the entrance of the Baltic Sea, where, durmg twenty-one years, 
he had been diligently employed in making those observations 
which were, shortly afterwards, productive of so much benefit to 
astronomy. After his retirement, the emperor Rodolphus IT. 
received him kindly, in Germany, and gave him an observatory 
at Prague where, in 1601, he died. Fifty years after his de- 
parture from the island, the village and castle of Uraniberg, 
where he had resided, were completely destroyed and their situ- 
ations entirely forgotten. 

In Kepler we have an unrivalled example of patient industry 
in calculation ; his was the mind particularly required in that 
age, when a large mass of facts had been collected, and it be- 
came necessary to compare them together in older to render 
them available for the improvement of astronomy. This was 
the task of the German mathematician, who is less distinguished 
by his own observations than by the unweaned assiduity with 
which he reduced those of his friend Tycho Brahe , it was by 
deductions from them that he arrived at the knowledge of the 
laws by which the planetary motions are regulated, and that he 
succeeded in overturning, not only the paiticular systems pro- 
posed by the ancients, but even all those ideas concerning the 
celestial movements which had been, for so many ages, consi- 
dered as fundamental laws of nature, and whose truth it had 
never occurred to any one to call in question. 

It has been supposed that Kepler obtained a hint of the ellip- 
tical nature of the planets’ orbits from the appearance of the curve 
described by the apogeum of the eccentiic circle, m Ptolemy’s 
theory of the moon, or by observing that, m his planetary 
theory, the centre of constant distances and that of uniform 
angular motion have some analogy with the foci of an elhpse in 
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whose periphery the planet might perform its leYolution ^ from 
which it is thought that it would be easy for a disciple of Co- 
pernicus to fall m with the idea that the sun occupied one of 
those points. Such suppositions, however, appear to have no 
foundation except in the imaginations of those who proposed 
them , and it may, with more reason, be asserted that to the 
energies of his own mind, chiefly, weie due the discoveries which 
have immortalised the name of this illustiious astronomer. 

The differences between the observed places of the sun, and 
those found, foi the same times, from the tables, shewed, even 
111 the days of Tycho Brahe, that the hypothesis of an eccentric 
circular oibit was not entirely conformable to nature. We have 
before shewn, also, that, in the system of Ptolemy, the variations 
of a planet’s movement w^ere considered as twofold , that the first 
was supposed to be caused by the eccentricity of the deferent, 
and the other, by the movement of the planet in the circum- 
ference of its epicycle Now Tycho Brahe had found, by a 
comparison of his observations with the theory, that this second 
inequality of motion w^as subject to seveial variations, and that, 
to represent them, it would be necessary to suppose the epicycle 
to be not always of the same magnitude , and it appeared to 
Kepler, to whom the foimer astronomer had communicated the 
results of his observations, that, as no physical reason could be 
imagined why an epicycle should experience any increase or 
diminution of magnitude ; and as, in the theory of the supenoi 
planets, the epicycle which produced the second inequality was, 
in the system of Copernicus, superseded by the annual move- 
ment of the earth , the cause of the variations observed by Tycho 
might lie in the figure of the earth’s orbit, whose periphery 
might not, he conceived, be every where at equal distances from 
the centre of uniform motion. Kepler seems to have been con- 
firmed in this opinion by reflecting that, in the orbits of all the 
planets, according to the Ptolemean hypothesis, the centres of 
constant distances, and of uniform angular motion, are at a cei^ 
tarn distance from each other, while, in the sun’s orbit, they are 
coincident 3 a difference which appeared to him to be at van- 
anco with our notions of the harmony reigning in the works of 
nature, and, therefore, not likely to be founded in fact. 

c c 2 
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In order to ascertain if tlie earth’s orbit is a circle and if its 
centre is coincident with that of the sun, Kepler had recourse to 
the registers of observations made on Mars, and found two times 
when the planet had the same heliocentric longitude, and when 
the angles of commutation, or the differences between the helio- 
centric longitudes of Mars and the eaith, were equal but on op- 
posite sides of a hne ioining the sun and planet; in which 
positions, relatively to each other, the three bodies are situated 
nearly at the end of every six years. These commutations, and 
the earth’s annual parallaxes, or the differences between the heho- 
eentric and geocentric places of Mais, for the same times, being 
known from the observations , and a line joining the sun and 
planet, which is the common base of the two plane tnangles 
formed between the sun, earth and Mars, being assumed as 
unity , the two distances of the earth from the sun were com- 
puted. Now, had the orbit been circular and described about 
the sun as a centre, these two distances and the two parallaxes 
would have been, respectively, equal to each other ; then ine- 
quality was, consequently, a proof that such were not the charac- 
teis of the orbit. Kepler afterwaids computed four distances of 
the earth from the sun in like circumstances, and their differ- 
ences afforded an indication that the earth’s orbit was elongated 
in the direction of the apsides and compressed on each side of 
the line joining those points , with these distances and the 
angles included between the Imes drawn from the sun to each 
position of the earth, he, then, calculated the eccentricity, and 
the longitudes of the apsides ; the former, which is the difference 
between die least and greatest distances of the earth from the 
sun, or the distance from the latter to the centre of mean dis- 
tance, he found equal to 0 01539, the mean distance being 
unity; whereas Tycho Brahe, and the astronomeis who lived 
before the time of Copernicus, made the interval between the 
earth and the centre of equal distances, or the centre of mean 
motions, equal to 0-036, in the solar orbit. 

Kepler, next, proved the deviation of the earth’s orbit from a 
circular form, and the error of the ancient asfronomers in their 
estimate of its eccentricity, by computing four several distances 
of the earth fi-om a point supposed to be the centre of uniform 
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motions ; in this research, he imagined four lines to be drawn 
from the assumed centre of mean motion, making angles with 
each other equal to the differences between the mean longitudes 
of the eaith at times when Mais had the same heliocentric 
longitude, and to be intersected by other lines, drawn from the 
place of Mars, making angles, with a line joining the planet and 
the centre of mean motions, equal to the annual parallaxes, or 
diffeiences between the heliocentric longitudes of Mars and the 
earth ; the four distances thus determined were found quite in- 
consistent with the supposition of Copernicus,- that the earth’s 
orbit was a circle desenbed about the centre of mean motions ; 
and, fiom the computed distances, the eccentiicity, or distance 
between the centres of mean motions and distances, was found 
equal to 0.0153 , hence it appeared that the whole eccentiicity, 
or the interval between the sun and the centre of mean move- 
ments, (which corresponds to the mterval between the earth 
and the centre of mean motion m the ancient hypothesis,) was 
bisected by the centre of mean or constant distances. 

Means similar to those employed in investigating the figure 
of the earth’s orbit were, also, put m practice by Kepler to 
ascertain that of the orbit of Mars ; assuming, at first, that it 
was circulai and that the sun and the centre of uniform motions 
were on opposite sides of the centre of mean distances Like 
Ptolemy he uses, in this investigation, the oppositions of the 
planet to the sun, in order to avoid the second inequality of 
motion, which then, as well as at the times of conjunction, 
vanishes, the geocentric and heliocentric places of the planet 
being coincident, or the sun, earth and planet being in one line , 
but he differs fiom the Greek astronomer, in considering the 
oppositions to be those of the sun and planet’s true places, 
justly observing that then, only, can the second inequality be 
null. He employs four observations of Mars, which were made 
between the years 1587 and 1595, when the planet was rising 
or setting acionically, consequently when in opposition to the 
sun, and the differences between the observed longitudes 
give him the angles formed at the sun by the four places of 
Mans in the ecliptic. He supposes lines to be drawn from the 
^ De motibub Stellae Maitis, cap. 16. 
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sun making angles wiili ^ach other equal to these differences of 
longitude, and the corresponding places of the planet are found 
at the intersections of these lines with the circumference of a 
circle supposed to be desciibed, with any ladius, about an as- 
sumed centre of constant distances. A line drawn through the 
assumed places of the sun and of this centre represents the line 
of the apsides of the planet’s orbit, and Kepler investigates the 
angles which the four radii- vectores must make with the line of 
the apsides in order that the four places of the planet may be in 
the ciicumference of a circle ; from which he, subsequently, 
finds the eccentiicity of the circle in terms of the planet’s mean 
distance : the problem, howevei, not admitting of a direct solu- 
tion, he uses a tentative process, in which, after seventy succes- 
sive approximations, he arrives at the conclusion that, when the 
mean distance of the planet is equal to unity, the distance from 
the sun to the centie of mean distances is equal to 0.11332, and 
the whole eccentricity, or the distance from the sun to the centie 
of uniform motion, is equal to 0.18564. This element corre- 
sponds to that which, by Ptolemy, was made equal to 0 2 ; and 
the Alexandrian astronomer had made the former distance equal 
to half the latter, which is less accurate than the value found by 
Kepler, whose results, however, are affected by his enoneous 
estimates of the parallaxes both of the sun and planet. The 
labour of so many approximations must have been immense 
though, as Delambre observes, not greater than that w’'hich, at 
present, is undeigone in computing the orbit of a comet, but it 
w^as much greater than a like operation would now be, on ac- 
count of the facility afforded, in trigonometrical computations, 
by the use of logarithms, which, in Keplei’s days, were not 
discovered. 

This astronomer, also, computed the eccentricity of Mars by 
means of its obseived geocentric latitudes, when nearly in the 
apsides, the inclination of the orbit to the ecliptic being known, 
and, from that, he determmes the errors in the equation of the 
centre which, on comparing the calculated places of the planet 
with those found from the observations of Tycho Brahe, he finds 
to amount to 8 oi 9 minutes of a degiee : but he considers it im- 
possible that such errors could have existed in the observations 
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of so careful an astronomer; hence, he concludes that the hy- 
potheses on which the computations are founded, which were 
the circular form of the orbit, and the existence of a point in the 
line of the apsides where the angular motions arc proportional 
to the times, aie erroneous; and remarks that, “as we are in- 
debted to the divine goodness for the gift of so accurate an ob- 
server as Tycho, we ought to he thankful for it, and endeavour 
to find out the errors in our suppositions.” 

Keplei, therefore, calculated several distances of Mars from 
the sun, and found, by a comparison of those near the apsides, and 
those near the points of mean distance, whose anomalies are 90 
degrees and 270 degrees, that the form of the orbit must bo that 
of an oval, which yet, from errors in some of the distances, he, at 
first, thought was larger at one end than at the other : but not 
being able to obtain, from the supposed figure of the orbit, such 
values of the equation of the centre as would satisfy tbe obser- 
vations with which he compared the results of his calculations, 
particularly when the planet was near the points of moan dis- 
tance, he began to despair of succeeding in the attempt to dis- 
cover the true figure, when he happened to remark that the 
secant of an angle equal to the greatest equation of the centre, 
or that which corresponds to an anomaly of 90 degrees, exceed- 
ed the radius by a quantity equal to the error in his computed 
value of the planef s distance from the sun when in tins part of 
its orbit ; and it immediately occurred to his mind that, to 
obtain the tru6 length of the radius vector, it w-ould be only 
necessary to suppose the oibit of the planet to be the ortho- 
giaphical projection of a circle whose plane is inclined to 
that of the orbit in an angle equal to the greatest equation of 
the centre, and intersects it in the line of the apsides ; for on 
this supposition, the radius vector v^hich is perpendicular to 
that line would be less than the semi-diameter of the circle, in 
the same proportion as the radius is less than the secant of the 
inclination , but such a projection is a regular ellipse ; and, on 
comparison, it was found that the computed distances of the 
planet from the sun agreed, in length, with the corresponding 
radii vectores in this ellipse . subsequent computations shewed 
that a like agreement subsisted between the lengdis of the radii 
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found from observations and theory, in the oibits of the earth 
and other planets ; and, from this time, the hypothesis of ellip- 
tical orbits was unhesitatingly admitted. The centre of the 
planetary system is placed by Kepler in the common inter- 
section of the lines of the apsides of all the planets’ orbits, and 
he supposes this intersection to be coincident with the centre of 
the sun. 

With the value he had found for the eccentricity of the 
earth’s orbit, Kepler calculated the radii vectores for eveiy de- 
gree of her anomaly ; from the values of which, and the daily 
differences of the sun’s longitude or anomaly, he proved that, 
when the earth is in aphelio or penhelio, its velocity is inversely 
proportional to the lengths of the ladn , consequently, that the 
time of describing any small given arc, in the orbit, is propor- 
tional to the length of the ladius at that point ; the fact could 
not be ascertained with so much ceitainty for other points m the 
orbit, but Kepler had sufficient reason to believe that it was ge- 
neraP; and this fortunate confidence led him to the discovery 
that the elliptical areas comprehended between any two radii 
were proportional to the times of describing the corresponding 
aics of the orbit . at first, however, he considered that if radii 
were drawn from the sun to every point iii the eartli’s oibit, the 
sum of all those radii would be, to the time in which the earth 
described the annual revolution, as any part whatever of that 
sum, is to the corresponding time : but he, afterwards, changed 
the sums of the radii vectores for the aieas of the elliptical 
sectors made up of such radii , and thus arrived at an important 
theoiem in physical astronomy. 

On the supposition that the orbit of Mars had been an eccen- 
tric circle, Keplei detennined the value of the radius vector in 
the following manner. Let s [Plate V. fig. 2.] be the sun, c the 
centre of the eccentric, a p the line of the apsides and m the 
place of the earth or any planet, in the oibit , and let fall s t 
perpendicularly on M c produced • then M s is the radius vector ; 
the angle a c M, the eccentric and mean anomaly, and the angle 
A s M the true anomaly Now c t is, evidently, equal to c s . 


* Comment. De Motibub, cap 22 


^ He Motibus Stellae Maitis, cap 60. 
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cos Z.ACM, therefoie m t=m c + c s . cos. Z.AC m, and MS= 
{m c + c s . cos Z. A c m} sec. /. c m s. But the real orbit being 
supposed an ellipse, as a Q p n, formed by projecting a circle on 
a plane inclined to it in an angle equal to c m' s ; if we draw 
M N pcrpendiculaily to a p, intersecting the periphery of the el- 
lipse in m, the point in may be considered as the true place of 
the planet, and it will be evident that, to obtain the radius 
vector m s, of the ellipse, the formei line, M s, must be reduced 
in the propoition of M s to m t , that is in the proportion of radius 
to the cosine of the inclination, Kepler, therefore, concluded 
that the general expression for ms isMC + cs . cos. Z acm; 
or, as it is now written, 1 + e cos. u , m c, which represents the 
semitransveise axis of the ellipse, or the mean distance of the 
planet, being supposed equal to unity ; c s, the eccentricity, be- 
ing expressed by e, and the eccentric anomaly, by u. Now the 
angle a s m is that which is called the true anomaly on the 
ellipse, and the angle a cm", oi its measure am", being sup- 
posed to be described by the planet, with its mean motion, in 
the lime that the planet really describes the arc Am, is called 
the mean anomaly : die value of this angle or arc is given, when 
the time elapsed since the planet was in aphelio is known, be- 
ing proportional to that time, and Kepler immediately investi- 
gated expressions shewing the relations between the mean, ec- 
centric and true anomalies In so doing, he considered that, 
since the sector a m" c is supposed to be described by the uni- 
form motion of the radius c m", that sector, as well as the arc 
A M", IS propoitional to the time , also the elliptical sector A m s 
is proportional to the time for the reason above given; and 
since, from the nature of the ellipse, the areas of the sectors 
A m s and a m s have to each other the constant ratio of m N to 
M N, or of Q c to M' c, the latter sector is, theiefore, also, propor- 
tional to the time : but the times of describmg a m and a m, 
about s, and a m", about c being, by supposition, equal, it fol- 
lows that the areas a m s and a m" c have the same*' ratio to the 
area of the circle that the area a m s has to that of the ellipse ; 
and, consequently, the first two are equal to one another. Now 

the area a m s iS equal to M c . + c s • or, as it would be 
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nowexpressed,-— 4 - e , therefore the area A m'' c is equal 

^ . 1 lx am'' 

to the same quantity , but it is, also, equal to m c . — - — ; or 

^ lit, [nt being taken to represent the mean anomaly, because it 
is proportional to the time, t] therefore we have nt=:u+e sin . u. 
Lastly, Kepler obtained the true anomaly [=: Z. a s m]' from the 

proportion ms : ns : ; rad, : cos. Z.ASm [= — — ; or, 


equal to 


G S-+ c M cos Z. A C M 
C M •+* C S cos. Z. A C M 


] , that is, cos 


e + cos. ti ^ 
1 + ecos.u ’ 


V being taken to represent the true anomaly. But these equa- 
tions for nt, and cos. v, being transcendental, Kepler, who en- 
deavoured to obtain the value of u and v, in terms of nt, could 
only do it by very tedious and indirect processes ; mathematicians, 
have however, since, exhibited these values in infinite series % 
from which, knowing the paean anomaly, the eccentric and true 
anomalies may be, at once, obtained ; it being understood that 
these elements are now supposed to commence at the perihelion, 
instead of the aphelion point of a planet’s oibit. 

The absolute distances of the planets were still imperfectly 
known in the lime of Kepler. This astronomer divided the 
universe into three regions, of which the first was occupied by 
the sun, whose diameter he supposed to be equal to fifteen di- 
ameters of the earth the second, which extended fiom the sun 
to the orbit of Saturn, he made two thousand times as great as 
the former legion ; and to the third, which compiehended all the 
space between Saturn and the spheie of the fixed stars, he gave 
an extent in diameter equal to sixty million times the diameter 
of the earth Leaving out this last, as destitute of any founda- 
tion, we may observe that the other distances are little more than 
one seventh of their true values, yet the relative distances of 
the planets were then known ; Copernicus had ascertained them 
with considerable precision, and Kepler informs us that he, him- 
self, had recomputed them from the observations of Tycho Brahe. 
He relates, in his Prodromm, that, from his youth, he had been 
accustomed to meditate on the proportions which the distances 


* MecanK^xie Celeste, liiv II. Art. 22. 
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of the planets fiom the sun bear to each other , and that he was 
led for a time to imagine, from a contemplation of the astrologi- 
cal aspects, that the distances between the planets were so regu- 
lated that, between the circles representing their orbits, there 
might be insciibed the sides of an equilateral triangle, of a 
square and so on, respectively. It is remarkable enough that 
this fancied law, which was found to be defective when applied 
to the oibits of Mars and Jupiter, gave nse, in the mind of 
Kepler, to the idea that, between those planets, there might be 
situated another, which is invisible to us only because it is too 
small to be seen with the naked eye : now, if the German astro- 
nomer had lived till the first of the four new planets was disco- 
veied, in that region of the heavens, he would not have failed to 
consider it as a confirmation of his hypothesis ; and, to some 
persons who were living when the discovery was made, the pas- 
sage in Kepler’s work may have appeared as a prediction ; both 
opinions, however, must have been ovei turned when it was found 
that, in the same region, thcie were thiee other planets ; yet, if 
wc except the vague notions asciibed to some of the ancients, 
to Kepler is due the honour of giving the first hint that theie 
may be planets belonging to the solar system besides those with 
which we are already acquainted , and, as those four would have 
been for ever invisible without the invention of the telescope, we 
may reasonably suppose that others may be bi ought to our 
knowledge by future improvements in that valuable instrument. 
Conscious of the insufficiency of the law above mentioned, Kepler 
almost immediately abandoned it ; but his passion for systema- 
tising earned him on to further researches conceniing the prin- 
ciple on which was founded the proportional distances of the 
planets, and he next conceived an idea that the magnitudes of 
the spheies supposed to be described on the diameters of the 
orbits were such that, between every two of them, might be con- 
tained one of the five regular bodies, the only geometrical solids 
bounded by plane surfaces which are capable of touching a cir- 
cumscribing sphere at all their angular points, or whose planes 
axe, all, tangents to the surface of a sphere inscribed within them. 
Thus he imagines that if, about a sphere circumscribing the or- 
bit of Mercury, a regular octahedron be desenbed, it will be 
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enclosed within the orbit of Veiins ; if, in like manner, an icosahe- 
dron be described about the orbit of Venus, it will be contained 
within the earth’s orbit ; a dodecahedron about the latter will be 
contained within the orbit of Mars ; a tetrahedron about the orbit 
of Mars will be included in that of Jupiter, and a hexahedron 
about this last, in that of Saturn. 

The reason why the distance between Jupiter and Saturn 
should be determined by the inscription of a cube is supposed 
by Kepler to be, that the cube is the only regular solid which is 
generated by its base ; on which account he considered it the 
most noble of the five and, therefore, with propriety situated be- 
tween the remotest planets because, according to the notions of 
the ancients, the highest or most distant part of the universe is 
the most noble ; he goes on to say that the distance between 
Mars and Jupiter is made to depend on the pyramid, which, in 
dignity, is the next lower solid ; and, therefore, should occupy 
the next inferior place ; and in a similar manner he accounted 
for the remaining distances. Tlie law founded on the inscrip- 
tion of the legular bodies adapted itself with tolerable precision 
to the computed magnitudes of the planetary orbits, and ren- 
dered unnecessary the supposition that a planet existed between 
Mars and Jupiter , Kepler was even led, now, to conclude that 
there could be no more than five planets, besides the sun, sup- 
posing it necessary, in order to preserve the harmony of the 
mnverse, that the admirable proportions of the celestial orbs, to 
use his own expression, should be represented by those of the 
five regular bodies : foi Innately for the hypothesis, the Georgium 
Sidus and the four asteroids were not, then, known to exist, but 
it must be ov^med that it bears the mark of an ingenious mind ; 
and, while the notions of the Pythagoieans concerning number 
and figure were not wholly abandoned, it must have appeared 
far firom destitute of probability. It was, as M. feaiUy remarks, 
the mama of that age to mingle sacred things with those purely 
fanciful I and from this mania Kepler was not free , in his 
Parahpomenay he considers three things to be at rest in the 
universe ; the sphere of the fixed stars, the sun, and the inter- 
val which separates him from them , and these things he com- 
pares with the Trinity ; making the Fathei, the centre ; the Son, 



XVIII ] 


TYCHO BRAHE AND KEPLER. 


397 


the surface ; and the Holy Spirit, all that is contained between 
the centie and the surface ; and these three, he observes, make 
one whole, which is embraced by the immensity of the Deity. 

But a discovery of real importance rewarded the diligence 
with which this indefatigable calculator investigated the nume- 
rical relations between the distances of the planets and the times 
of their revolutions about the sun. In the Harmomces Mundi ^ 
he observes that he had previously discovered the movement of 
a planet in its oibit to be vaiiable, and the angles subtended by 
the arcs daily described about the sun to be inversely propor- 
tioned to the distances of the planet from the sun ; also, that 
he had discovered the orbits of the planets to be elliptical, and 
the sun, the source of motion, to he in one of the foci of the 
ellipse. He, moreover, states that, twenty -two years before the 
time at which he was writing, he had discovered, m the five 
regular bodies, the law determining the number and distances of 
the planets ; and that the desire of verifying this law had in- 
duced him to consecrate a gieat part of his life to the study of 
astronomy ; adding that, during the above period, he had lead 
the Harmonics of Ptolemy ; and it would seem as if, from that 
work, he had obtained hints which guided him in the enquiry 
concerning the supposed relations between the celestial move- 
ments and distances, and the intensities of musical sounds , for 
he relates that he had succeeded beyond his hopes, having found 
that there really existed a harmony among the movements 
of the planets, but not of the kind he had at first imagined. 
He says, it is evident from observation that the velocities of the 
planets, or the periodical times m which their revolutions about 
the sun are performed, are not in any simple ratio of the mean 
distances from that luminary, and, therefore, he assumes that 
the former are proportional to some indeterminate power of the 
latter; that is, supposing P and p to be the periodical times of 
the revolutions of any two planets, R and r their mean distances, 
he writes p : p : . R"' : r* ; and, assuming for x different values, 
integral and fractional, he at last found that, when x was made 
equal to f, the above proportion held good for all the planets , 
the values of the periodical times and distances being obtained 

» Lib. V. Cap 3. 
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ifom the observations of Tycho Brahe ; hence he concludes that 
the proportion between the periodical times of the revolutions of 
any two planets is sesquiplitate of that between the mean dis- 
tances, or, the squares of the times aie proportional to the cubes 
of the mean distances Proud of his discovery and, seemingly, 
conscious of the advantage which his favourite science would 
one day derive from it, he fixes the times when the investiga- 
tion began and ended , and the former appears to have been 
coincident with that at which he found the law of the distances 
from the inscription of the regular bodies between the orbits : 
he relates that, from errors in his data or calculations, the pro- 
portion above exhibited appeared to be eironeous but, subse- 
quently, returning to the enquiry with renovated vigour, the 
darkness was dispelled from his mind on the fifteenth day of 
May, in the year 1618 , after seventeen years spent in comparing, 
and meditating on the observations of Tycho Brahe. This law 
having been discovered only by observations made on the six 
planets then known, there might have existed some doubt con- 
cerning its universality , but, soon aftei the death of Kepler, it 
received a confirmation from Vendelinus, who found it to hold 
good, also, between the distances and periodical times of the sa- 
tellites of Jupiter 5 it is needless to add that it is found to exist 
in all the planets and satellites which the telescope has, since, 
shewn to belong to our system. 

It is to be legretted that Kepler did not content himself with 
this truly great discovery 5 but he seems to have persisted in the 
search after relations between the celestial movements and the 
tones of sound. To us, who know so much more than Kepler could 
know of the physical laws of motion, the enquiry may seem 
puciile ; and it may excite surprise that the human intellect 
should, almost at the same time, ascend so high and fall so low : 
but, perhaps, it was impossible that so zealous an enquirer into 
Nature should omit to piosecute his researches in every direction 
as far as his time or means permitted , in this instance, indeed, 
he was unsuccessful, because he sought for truth wheie it was 
not to be found , but we may observe that, without the perseve- 
rance which his taste for analogies inspired, astronomical science 
might have much longer remained destitute of one of its most 
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important principles. The merit of Kepler’s discoveries does 
not seem, however, to have been fully appreciated till after his 
death , when the demonstrations of Newton established them as 
infallible laws of Nature, and procured for^them the confidence 
of the learned , who then, were enabled, by them, to anticipate 
the periods of many of the celestial movements which could only 
have been ascertained, and even with less accuracy, by the slow 
process of actual observation. 

The proportion which Keplei had discovered between the dis- 
tances of the planets from, and the times of their revolutions 
about the sun shewed, sufficiently, that the velocities of those 
bodies, and the situations of their orbits in space were maintained 
by some one general principle , and we find, in his Astronomia 
Nova, that he considered this principle as an attractive power 
residing in the sun, and exerting an influence upon the planets 
in such a manner that they cannot depart from the centre of its 
action , he seems also to have understood that a like power, or 
viituc, as he calls it, exists in the earth, from whence its influ- 
ence extends to the moon. He observes that every corpoical 
substance would remain at rest wherever situated^ if beyond the 
influence of a similar body ; he describes gravity as an affection 
with which material bodies are endowed, and by which they 
tend to unite themselves together , he compares it to the mag- 
netic virtue, and he appears to consider that, in different bodies 
it is proportional to their mass, for he observes that the caith 
attracts a stone more than the latter attracts the eaith : he adds, 
heavy bodies do not tend to the centre of the caith as that of the 
universe, but merely as that of a body like themselves ; and he, 
from thence infers, first, that wherever the earth be placed, 
heavy bodies will always descend to it ; and next, tliat if the 
earth bo not globular, such bodies will not tend to its middle 
point, but to diflerent points on different sides ; from which it is 
evident that he must have considered the attraction to exist in 
every particle of terrestrial matter, and the line of direction, to 
coincide with that about which the lateral attractions are, in 
equihbiio. He shews that the attractive power becomes less in 
proportion as its distance from the centre of action increases ; 
and ho compares the movements produced by it, in difleient 
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planets, with those of bodies situated on the arm of a steel yard, 
at different distances from the fulcrum^, but it is doubtful 
whethei or not he was aware of the true law according to which 
the intensity of the force diminishes. 

As any power or virtue supposed to act in right lines tending 
to or from the sun could not, alone, cause the planets to revolve 
about that luminary ; and the observations of Tycho Brahe on 
the trajectories of comets having, as Kepler remarks, proved 
that the solid planetary spheres of the ancients do not exist, it 
was necessary to introduce an additional circumstance, m order 
to give a reason foi those revolutions. This was imagmed by 
Kepler to consist in a rotation of the sun on its axis, and a con- 
tinual emission from it, of what he calls an immaterial species^ 
which, he says, is analogous to that of light, and penetrates to the 
utmost limits of the universe, for the species itself revolving 
with the sun like a rapid vortex, was supposed to carry with it, 
in gyration, the masses of the planets, and thus, the latter were 
made to revolve about the sun with greater or less velocity 
according to the density of the effluent species in the regions of 
the several planets, or according to the various degrees of resist- 
ance which it opposed to their masses. Kepler from hence 
concludes^ that the orbit of each planet must constantly he m 
one and the same plane , and that this is coincident with the di- 
rection in which the planet itself is impelled by the movement of 
the species emanating horn the sun, and he shews the fallacy of 
the opinion of Fra Castonus and others, who, it seems, had 
adopted a notion of the ancient Egyptians, that the mbits of the 
planets had, in the course of time, suffered such displacements 
that the movements were become directly contrary to those 
which they originally had. Kepler himself does not seem to be 
aware that, since the virtue emanating from the sun can only 
revolve on one axis , the orbits of all the planets ought, accord- 
ing to his own hypothesis, to lie in one plane, which he must 
have known to be not the case. The opimon of Kepler, that 
the sun performed a revolution on his axis, preceded the 
knowledge of the fact, which was, however, soon afterwards 


* Comment, de Motibus, cap. 33. 


^ Ibid. cap. 34. 
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established by the discovery of the spots on his surface; but he 
seems to have erred m his estimate of the time in which the 
revolution should be performed. 

The emanating virtue being thus supposed to proceed in right 
lines m the direction of the radii of a spherical surface, an 
opinion naturally arose that its intensity, and consequently its 
eiTect upon a given surface, was inversely proportional to the 
square of the distance of that surface from the centre of radia- 
tion : but it is evident that Kepler could have no other knowledge 
of the elFects of the solar action than that which is exhibited in 
the vanations of the planets’ movements, and of these he 
seems to have found it impossible to give a satisfactory expla- 
nation; he shews that the aphehon and perhelion velocities of a 
planet are, nearly, inversely proportional to the distances; and 
he observes that these effects cannot entirely depend upon the 
sun, because a virtue emanating from thence should follow the 
inveisc duplicate, or triplicate, instead of the simple latio of the 
distances again, in an attempt to explain the movements of 
the aphelia and nodes of an orbit, he offers a conjecture that 
some object may interpose between the sun and planet and be 
the proximate cause of those motions, but he, immediately 
afterward, allows this to be impossible, because one and the 
same power could not make the aphelia move in direct, and the 
nodes, in letrograde order. To account for the vanations of a 
planet’s movement, in its passage from the aphelion to the 
perhelion point, and the contrary, he supposes the sun, like the 
magnet, to have opposite, or as he calls them, friendly and 
unfriendly, poles; because they seem to be endowed with 
contrary properties, the unlike poles attracting, and the like 
poles repelling each other: thus he conceives the sun to attract 
the planets during one half of their revolution and repel them 
during the other half; and he considers the same contrariety of 
influence to be the cause that the axis of the eaith always 
retains its parallelism, by which each pole of the earth is, alter- 
nately, turned towards, and from the sun, dunng half its 
annual revolution; and thus the phenomena of summer and 


’ Comment, de Motibus, cap 3C 
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-winter to be produced : an additionalpower, however, was supposed 

to act upon the poles of the earth % which, causing the axis 
continually to deviate from exact parallehsm, produced the slow 
retro gradation of the equinoctial points. 

But the idea that the planets were carried about the sun- in an 
immaterial vortex, did not prevent Kepler from feeling the 
necessity of giving to each planet a particular motive force 
which, being combined with the force of attraction, would pro- 
duce a movement m a curvilinear direction; just as, and the 
idea was about the same time proposed by Tartalea, the expan- 
sive force of gunpowder compounded with the action of terrestrial 
gravity, both of which forces act in rectilinear duections, causes a 
cannon ball to describe a curve through the air. And the 
manner m which Kepler supposed the forces to act is sufficiently 
mamfest, from his comparison of the movements of the planets 
to that of a boat when forced across a river by oars, or drawn 
across by means of a rope made fast to the opposite shore, while 
it IS urged in a different direction by the force of the current*’. 
Simple motion, he observes, is essentially rectilineal, and is the 
result of an impulse which may be either external or internal 
with respect to the moving body : when, therefore, he adds, wc 
see a body moving in a ciicle, we may conclude that, besides 
the attiactive power, some other cause must be in operation, to 
turn the body from its rectilineal path , and, as this argument is 
applied to the celestial movements, it is evident that a great stop 
to the knowledge of the physical laws of nature had been gained 
since the time when a circular motion was thought essential to 
the heavenly bodies. Kepler, as we have said, appears to con- 
sider the attractive principle as immaterial, and, agreeably to 
the doctrine, or at least, to the language of Plato, he designates 
it a soul or an animal faculty; in those days, however, both 
light and magnetism were thought to be immaterial, yet the 
laws of their action were supposed to be the same as those of 
the action of material bodies on each other. 

The justness of Kepler’s ideas concerning the action of the 
attractive force is evident from his remark “ that this force alone 

* Comment, de Motibus, cap. 57. ^ De motibus Stellse Martis. 

® Astronomia Nova. 
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would cause the planets to fall towards the sun, and the moon 
towaids the earth, and that, by their mutual attractions, the last 
two would approach each other and meet in a point as far fi om th e 
laltei as of their actual distance, supposing both bodies to bo 
of the same density ; that is, he supposed the distance of their 
common centre of gravity, from each, to be inversely propor- 
tional to its mass. It was a necessary consequence of the 
actions exerted by the bodies of the solar system on each other, 
that the attiactive in^uence of the moon should be the means of 
raising tides in the ocean , and the fact is distinctly asserted by 
Kepler, who states, m the same work, that tlie influence of the 
moon extends to the eaith and, by giving the waters a tendency 
to rise at the point which has the moon in its zenith, causes 
them to flow towards the torrid zone , he observes, also, that as, 
the viitue of the moon extends to the earth, that of the eaith, 
from the greater magnitude of this planet, must extend beyond 
the moon. 

The sentiments of Kepler concerning the mode in which the 
ininciple of gravitation acts, approach so neaily to those deliver- 
ed, subsequently, by Newton, as to leave no doubt, even if we 
had not the express acknowledgement of the latter, in his letter 
to Dr. Halley, that he was guided by them to his own splendid 
discoveiies ; and this may be asseitod without disparagement to 
the ment of the English philosopher, who, having demonstrated 
the truth of those physical laws which the German astronomer 
can only be said to have enunciated, may be justly considcied 
as the conqueror of a territory to which his predecessor had 
merely shewn the way. 

The phenomena of the direct and retrograde movements of 
the planets were explained by Kepler in the same manner as by 
Copernicus , but the discovery of the elliptical orbits rendered 
unnecessary the hypothesis of a particular centre of mean mo- 
tions, and entirely superseded tlie theory of epicycles; the pnn- 
cipal inequalities in the motions of the sun, moon, and planets 
were corrected by the equations of the centre ; and the others, 
as far as they were known, by empirical equations founded on 
data obtained from observations. Eothman had aheady made 
an improvement in that part of the system of Copernicus which 
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relates to the cause of the phenomena of the seasons, by reiect- 
ing the conical movement of the eaith’s axis ; he shewed that 
this was unnecessary, and that the same effects would take place 
if the axis were supposed to move parallel to itself during the 
annual revolution about the sun ; the improvement w^as adopted 
by Kepler, and the latter has, also, the merit of being the first 
who pointed out, what is indeed a necessary consequence of his 
theory of attraction, that the variations of the moon’s move- 
ments were caused by the action of the sun upon her ; but we 
must look to Newton for the development of the effects result- 
ing from the mutual peiturbatidns exercised on each other by 
the different bodies composing the solar system. 

Considerable inaccuracies, as might be expected, occur hi the 
details of Kepler’s theory of the imiverse, and many unfounded 
fancies disfigure its general beauty ; he considers the axis of the 
sun’s rotation to be perpendicular to the plane of a fixed, or 
mean, ecliptic ; and he gives the name of via regia, oi the royal 
road, to a great circle in the heavens which lies in this place. 
Ide supposed the plane of this circle to make a vaiiable angle 
with the earth’s equator, the least obhquity being 22° 30', and 
the greatest, 26° 5' 50'; and the interval between the periods at 
which either of these obliquities recurred was supposed to be 
36,000 years ; the movement of the equinoctial points, consti- 
tuting the precession, he supposed to take place along the cir- 
cumference of this via regia ; and he thought that the true 
echptic had a hbratory movement, as if each of its poles revolved 
in a small circle about the pole of the mean echptic ; that is, 
about the axis of the sun’s rotation. He makes the equator of 
the sun coincide with the plane of the earth’s orbit, but no 
reason is given why it should have this position rather than 
any other , and all these suppositions appear to be, as Helam- 
bre observes, so many remains of ancient prejudices which even 
the mind of Kepler could not overcome. Three comets, which 
appeared m 1618, engaged the attention of all the astronomers 
in Europe, whose ingenuity was again severely taxed to form 
hypotheses concermng the nature of this class of celestial 
bodies . from the manner in which Kepler expresses himself it 
would appear that he supposed them to he generated in the 
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atmosphere “ as fishes are in the sea;” but, in another place, 
he evidently considers them as partaking of the nature of pla- 
nets, for he attempts, though, as may be easily conceived, with- 
out success, to determine the path of one, on the supposition 
that its motion was rectilinear. In the conclusion of his Astro- 
nomia Nova he acknowledges the possibility that, in the con- 
stitution of the universe, the state of things may be very dif- 
ferent firom that which he has supposed ; and, with a modesty 
worthy of a true philosopher, he desires that his explanations 
may be admitted only till some more sublime and more fortu- 
nate genius may unveil the truth, and confirm or confute his 
opinions. 

The phenomenon known by the name of the zodaical light, 
appears to have been first observed by Kepler, who, also, shewed 
that astionomical refraction is an effect depending wholly on 
the medium through which the rays of light pass befoio they 
enter the eye of the spectator , and as this medium is only the 
atmosphere of the earth, he considers, in opposition to the 
opinion maintained by Tycho Brahe, that the distance of the 
celestial body does not affect the value of refraction at any 
given altitude. It follows that this value, which he proves to be 
propoitional to the tangent of the body’s zenith distance, will 
be the same both for the planets and fixed stars. 

This illustrious astronomer, whose labours have so much 
benefited the science, died in 1630, and in an age when impos- 
tors professing astrology, and flattering the vanity of the great, 
were honoured and? enriched, he lived in poverty upon a 
small and ill paid pension which had been assigned to him by 
the Empeior of Germany. 

The mathematicians of Europe had, before the end of the 
fifteenth century, pointed out the enors of the existing calendar; 
they shewed that since the days of Julius Csesar, by whose care 
it had been foimc'd, or rather, since the Council of Nice, in the 
year 825, had made the twenty-first day of March coincide with 
the arrival of the sun at the vernal equinox, the times of the 
equinoxes and solstices had been gTadually anticipating the 
days of the months at which they then occuiTcd; they shewed, 
also, that, since the decree for regulating the celebration of 
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Easter had been promulgated by the same Council, the lunar 
bycle employed in computing the day of the festival, from the 
erroneous value assigned to it, had ceased to determine the 
precise day appointed in the decree; which was the Sunday 
after the full moon coinciding with, or next following, the day 
of the vernal equinox. These representations, probably 
made from religious motives, and, rather with a view to the 
correct determination of the greatest festival in the Chiistian 
church than to any advantage which astronomy was to derive 
from the correction, at length, in the last quarter of the sixteenth 
century, occupied the attention of the Roman Pontiff, Gregory 
XIII., who engaged the learned men of his time to find out a 
mode of intercalation which should pi event the occurrence of 
the like inconveniences in future: from theii labouis lesulted 
that reformation of the calendar which is now adopted in all 
Christian states. 

We have shewn that the length of the year was, by Julius 
Caesar, assumed to be equal to 365.25 days; while, in reality it 
is only 365.242264 days; the difference, which is equal to 
0.007736 days, had, since the year 325, caused an eiioi in the 
civil reckoning, amounting to above 10 days, so that the day of 
the equinox, which should have coincided with March 21, fell 
on the eleventh day of that month. The correction was easily 
made, and it is well known that ten days were suppressed by 
a brief issued at Rome in the year 1582, so that the day, before 
considered as the fourth of October, was called the fifteenth; 
then, in order to keep the vernal equinox, in future, to the 21st 
of March, it was regulated that the intercalated day which, 
according to the Julian calendar, enters in every fourth year, 
should be omitted in every year forming a complete hundred, 
except in those years which constitute complete thousands, 
when it was to be retained. The length of the tropical year, 
according to the value implied in the Gregorian calendar, as it 
is called^ is equal to 365.2425 days; which is less than its true 
value, as above stated, by 0.000236 day; and this m 4240 years 
will produce an eixor of one day; but, as La Place observes if 
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a bissextile were suppressed every 4000 years, the difference 
would be only 0.000014 day, and this would fall within the . 
limits of the errors which may exist in the determination of the 
length of the year. 

The Council of Nice, by supposing the exactness of the 
Metomc cycle, in which 19 solar tropical years were considered 
equal to 235 lunatiolis, or synodical revolutions of the moon, 
must, consequently, have supposed one lunation to be equal 
to ^ of a solar year; and the lunar year, or twelve such luna- 
tions, to be equal to ^ of the foimer year; the difference 
between the two is ^ of the solar year, which, as they consi- 
dered the latter to contain 365|- days exactly, would be equal 
to 10 8798 days, or neaily 11 days: hence, the epact, as it was 
called, or the moon’s age at the end of any given year being known, 
it would he easy to ascertain that of any subsequent year, by 
the continual addition of 11 days to the oiiginal epact* thus, if 
a full moon should take place on the last day of any year, the 
epact for the next yeai would be 0, of the second following 
year, 11;* of the thud, 22, and of the fouith 3, thirty days 
being rejected: the epact foi the succeeding years would be, 
respectively, 14, 25, 7; rejecting twenty -nine days fiom the last; 
and so on, rejecting alternately, 30 days and 29 days, because 
the lunation was supposed to be equal to 29j days, and taking 
care to increase the epact by unity in each bissextile year. The 
eiror arising from the excess of the solar, above the lunar year 
not being exactly 11 days, was coriected, at the end of every 
lunai cycle, on the supposition that the cycle was correct, by 
making the epact the same as that of the nineteenth precedent 
year. But nineteen solar yeais are equal to 6939.603016 days, 
and 235 lunations are equal to 6939.6881565 days: the differ- 
ence between these peiiods is 0.08514 day, which renders the 
Metonic cycle erroneous to the amount of one day in about 222 
years; consequently, to the amount of above 6 days in the time 
elapsed since the regulation was established; and the computed 
day of the Paschall full moon, in the sixteenth century, neces- 
saiily diffeied just as much fiom the true day. In ordei, there- 
fore, to keep this full moon to its place in the calendar it was 
necessaiy to allow the above rule for the cpacts, wdnch was 
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before perpetual, to hold good only for one hundred years; 
then, on account of the omission of the bissextile in every 
hundredth year except that which is a complete thousand, the 
epact at the end of every century except the tenth, was to be 
diminished by one day; and, again, on account of the anticipa- 
tion above mentioned, the epact was to be increased, at the end 
of every two hundred years, by the same quantity. Tables 
were computed on this system by Luilius of Verona, and were 
employed for the purpose of determining the time of Easter, till 
they were superseded by the ephemerides ; in these, the times 
at which the phases of the moon, as well as the other pheno- 
mena of the heavens, will occur, are given with supenor accuracy 
by means of computations from the general tables of the celestial 
movements, which have, since those days, been brought to vast 
perfection. 
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CHAPTER XIX. ‘ 

THE FIRST TELESCOPIC DISCOVERIES IN THE HEAVENS- 

The Composition of forces investigated by Galileo. — Telescopic discoveries 

of that philosopher. — The practice of notifjnng discoveries in anagrams. 

Persecution of Galileo by the Italian cleigy.— The system of Tycho Diahe 
still sujiported by some astronomers — Method of determining the distances 
and magnitudes of the planets. — System of Bulhaldus. — Its improvement 
by Waid — Transit of Venus observed by Horrox — Scepticism of Descartes 
in philosophy — His hypothesis that the planets revolve in vortices. Weak- 

ness of the theory. — Forms of orbits proposed by Cassini and La Hire. — 
Discoveries of Huygens and Maraldion Saturn’s ring. — Discoveiies of Cas- 
sini on the lotations of the planets. — Changes in the positions of the apheha 
and nodes of planets. — Variations m the mean motions of Jupiter and 
Saturn. 

An important change was now to take place in the philosophy 
of nature in consequence of the discovery, made by Galileo, of 
the laws by which material bodies act mechanically on each 
other. To this great mathematician we are indebted for the 
theory of the composition of forces, by which is determined 
the resultant, oi equivalent, of forces acting upon bodies m the 
same or different diiections ; to him, also, we owe the investi- 
gation of the spaces described, the times of description, and the 
acquired velocities of bodies moving by instantaneous impulses 
or by the continued action of impelling forces ; and the applica- 
tion of the theory, to bodies falling towards the earth by that at- 
tractive power with which our planet was known to be endowed. 
By him, also, was* discovered the isochronous motion of pen- 
dulums, which has since been of so much importance in the 
construction of machines for measuring time. 

The knowledge man had acquired of the visible heavens, also 
received many important accessions from the discoveries which 
Galileo was enabled to make by means of the telescope, then 
recently invented. Except the sun and moon, not one of the 
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celestial bodies had hitherto been obseived to have any Msible 
form or magnitude ; and it was to the eye of reason alone that 
those appeared to be any thing but x^lane surfaces : the fixed 
stars and planets were, alike, known only as luminous and un- 
defined points : but, now, the view of the heavens began to ex- 
cite a new interest ; by the telescope the planets were found to 
have certain magnitudes, and some of them, to undergo varia- 
tions of form, while the fixed stars appeared unchanged, or only 
shorn of the radiance with which they seem to be surrounded 
when seen by the naked eye : and hence it became obvious that 
the former must constitute a distinct groupe of bodies infinitely 
nearer the eaith than the others The sun, from the spots ob- 
served on his suiface, was found to revolve on its axis and, con- 
sequently, was ascertained to be globular , and the light and 
dark spaces on the moon were distinctly perceived to be moun- 
tains and valleys nearly resembling those features on the surface 
of the earth. 

That an instrument should have been invented by which ob- 
jects, even in the remotest depths of space, are rendered accessible 
to human vision , and by which teiiestrial objects, faintly vi- 
sible in the distance, are brought, as it were, close to the eye, 
must have at one time appealed miraculous, but such were the 
efiects produced by the telescope, a tube containing a system of 
glass lenses, in passing through which, the lays of light coming 
from an object are turned from their previous directions and made 
to converge towards the axis, so that the rays proceeding from 
opposite sides of the object, and entering the eye, form there an 
angle many times greater than that caused merely by the refrac- 
tive poweis of the eye itself, while the interference of rays 
coming from suiiounding objects is almost wholly prevented ; 
thus IS produced an augmentation of the visible magnitude of 
an object with as small a diminution as possible of its brilliancy, 
and thereby may be obtained a view of the parts of its surface 
which would be insensible to the unassisted sight; the object 
being seen in the telescope just as it would appear to a spec- 
tator without one, if situated as much nearer, as the power of 
the telescope exceeds that of the natural eye. This instrument, 
in the bands of Galileo, wms the means of making more disco- 
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veiies in the heavens than had been made during three thou- 
sand years previously; and it may be added, if we consider tlieir 
importance, more than have been made since the days of that 
philosopher. He relates, in the Siderem NunciuSy that, in the 
year 1610, he discovered the four moons or satellites of Jupiter, 
and observed, also, that these revolve about that planet as our 
moon revolves about the earth: a circumstance which afforded, 
by analogy, an argument in favour of the earth’s motion about 
the sun; since Jupiter, a planet known to have a similar mo- 
tion, was found to be attended by secondary planets which, it 
was easily perceived, would reflect the sun’s light on the pri- 
mary planet as the moon reflects it on the eaifh. About the 
same time, as we learn from his letteis at the end of the work 
above mentioned, Galileo observed that Saturn piesented a 
remarkable appearance, at first it was thought to be accom- 
panied by two Ksmaller planets, one on each side, and the dis- 
coveiy was so announced , but, when telescopes were constiuctcd 
with supeiior magnifying poweis, what appeared to be secondary 
planets were found to be portions of a vast annulus which sur- 
rounds Saturn without any where touching his suiface ; and 
this ciicumstance, also, contributed, though indirectly, to dimi- 
nish the confidence hitherto placed m the ancient systems of 
astronomy, by shewing that theie was yet much to learn con- 
cerning the planets, and that, to obtain a correct knowledge of 
the universe, there would be lequired a more attentive study of 
their visible iihenomena Soon afterwaids, the telescope re- 
vealed to the assiduous Florentine that Venus had phases simi- 
lar to those of the moon, that, when near the sun, she was 
scon either in the crescent form or with a lound orb, and when 
at her gicatest elongations, her disc appeared to be semicircu- 
lar , and it was obseived that her change of form took place 
exactly in that insensible manner by which the face of the moon 
increases and diminishes : the agreement of these phenomena 
with those which would bo presented by a globular body re- 
volving about, and leceiving its light from another body placed 
at the centre of motion, rendered it impossible to doubt that 
Venus levolvcd, pciiodically, about the sun, and that she was, 
like the moon, an opaque and globular mass , it was also evi- 
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dent that her orbit was less in diameter than the distance of the 
earth from the sun. By analogy it was immediately concluded 
that Mercury, whose phenomena so nearly resemble those of 
Venus, revolved about the sun in an oibit less extensive than 
that of Venus ; and the opinion was, afterwards, confirmed by 
the discovery of his phases when instruments of greater power 
were brought into use. 

Thus the telescope came to confirm the hypotheses of Coper- 
nicus and Kepler concerning the dispositions of the bodies com- 
posing the solar system ; but a conviction of the truth of those 
hypotheses was not, at first, universally felt: there were still 
some persons who preferred the darlmess of error to the light of 
truth, and who refused to look through a telescope lest their re- 
pose should be disturbed by the sight of any phenomena which 
might militate against the doctrmes they had been accustomed 
to consider as incontrovertible : subsequently, when it was no 
longer possible to escape the conviction that the system of Aris- 
totle was at variance with that of nature, there were persons 
whose jealousy of the new school of philosophy led them to 
charge its disciples with having borrowed from the Stagyrite the 
pimciple of the telescope; though the only circumstance he has 
related, which could be constiued into a designation of such an 
instrument, is that the stars might be seen in the day-time by 
looking through a long tube, oi by descending into a deep wcll. 

The Jesuit Schemer is supposed to have been the first who 
observed with a telescope that the disc of the sun was occasion- 
ally diversified with dark spots, and he appears, with several 
other astronomers his contemporaries, to have entertained the 
very natural opinion that they \rere planets : Galileo however, 
nearly at the same time, perceiving that they were of irregular 
forms, that the periods of their apparent passages across the sun 
were nearly equal, and that they appeared larger when near the 
centre of his disc than when near either margin, concluded that 
they adhered to the surface of that luminary, and that their 
movements were caused by its revolution about an axis ; a cir- 
cumstance which not only proved the globular figure of the sun, 
but afforded a probability, from analogy, of a like movement in 
the earth and- the other planets, and when, m 1638, Fontana 
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had observed the spots on Mars, from the movements of which 
the revolution of that planet on its axis was discovered, addi- 
tional evidence was affoided that the motions of the earth and 
planets were, in every respect, similar. In the last place, besides 
the lofty ridges casting their shadows upon the plains and into 
the deep cavities of the moon, he observed that, about the edge 
between the light and dark hemispheres, were luminous points 
seemingly, at first, detached fiom her surface, but gradually in- 
creasing in magnitude till they became connected with it ; and 
it was obvious that such appearances could only be accounted 
for by supposing the points to be the summits of mountains 
which received the solar rays before the valleys were enhghtened; 
hence it became impossible to doubt that the moon was of the same 
nature as the earth. 

It was a custom prevalent in the times of which we are speak- 
ing for a person who had made any discovery in philosophy, 
either to conceal it entirely from the rest of mankind, or to pub- 
lish a notice of it in some anagiam which could only be decy- 
phered by himself or by some one to whom ho might communi- 
cate the key . and in this manner Galileo disguised his discovery 
of the phases of Venus and of Saturn’s ring. The affectation of 
concealing the discoveries made in nature and science prevailed 
universally, also, among the ancients. The Egyptian priests, the 
Greek philosophers and the Druids of the North would suffer no 
pel son to enter their societies except the chosen few who were 
regularly initiated , to such the doctrines they maintained were 
divulged, while the instructions given to the bulk of the people 
were obscuicly communicated in symbolical language. Their 
piide and vanity were, probably, gratified by the reverence with 
which they wore regarded by those who believed they were in 
possession of knowledge beyond the attainment of the rest of 
mankind, or they might fear that some of their doctrines, if 
openly taught, would shock the prejudices of the people and ex- 
pose them to persecution : but the very mystery they affected 
appears to have occasionally exposed them to suspicion, and * 
the obscurity of the language in which their public communica- 
tions w'ere made is, no doubt, the cause that so many absmd 
opinions in philosophy have been attributed to them. 
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The obscure intimation contained in the anagi'am, by which 
knowledge is withheld while it seems to be imparted, was in- 
tended to secure the means of proving a priority of claim to the 
honour of a discovery, if it should happen that another person, 
subsequently, advanced any pretensions to it. In the present 
age, fortunately, the discoverer of a new fact in science finds 
that he promotes his own reputation most, by immediately mak- 
ing public his successful efforts to impiove the intellectual con- 
dition of man , to this we owe, in a great measure, the rapid pro- 
gress of discovery within the last century, and the many illustri- 
ous names which adorn the annals of modem philosophy. It is 
worthy of remark that the selfishness which prompted the learn- 
ed of former times to conceal their acquirements was, often, 
its own punishment , foi two, or more, persons commonly made 
the same discovery nearly at the same time, so that it became 
impossible to decide to which of them really belonged the 
honour of being the first in the race ; and it frequently happened, 
that the palm was awarded to one who was, merely, known as 
having been the first who introduced the fact to public notice. 

The pride or indiscretion of Galileo, rather than his adoption 
of the Copernican system, excited the enmity of the ecclesiastics 
of Italy who, twice, availed themselves of his philosophical 
opinions to cite him before the Inquisition. The woik which 
was the ostensible cause of this persecution was a dialogue be- 
tween a peripatetic and a supporter of the hypothesis of Coper- 
nicus, then considered as a heresy ; in which, as may easily be 
imagined, the advantage was made to rest with the latter : and 
at the second investigation, when he was seventy years of age, 
in order to save his life, he was forced to abjure, as contrary to 
the doctrines professed by the church, the dogma of the motion 
of the earth : the recantation, it must bo owned, was as little 
honourable to him that made it, as to the members of the tri- 
bunal, and to the influential men of the country, who, from 
ignorance or malice, compelled the aged philosopher to take that 
humiliating step. 

Notwithstanding the light thrown on the system of the uni- 
verse by the investigations of Kepler and the observations of 
Galileo j and though the hypotheses of Ptolemy were failing by 
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the evidences every day rising against them ; so tenaciously 
does the mind hold the opinions which antiquity has conse- 
crated ; so painful is it to unlearn what it has cost much time 
and labour to acquire, and so mortifying to receive a new truth 
from the hand of a contemporary, that many years elapsed be- 
fore the ancient doctiines concerning the planetary orbits were 
wholly abandoned, and there were still many persons who en- 
deavoured to modify them so as to make them agiee with the 
obseived phenomena of the heavens One of these was the 
Danish astronomer Longomontanus, who had been a disciple of 
Tycho Brahe but wdio lived in the days of Kepler and Galileo ; 
and, either from attachment to the sentiments of his master, or 
respect to the letter of the Scriptures, he refused to admit tlie 
annual movement of the earth. Insensible to the arguments 
drawn fiom the discoveries which were daily making m the 
heavens, he persisted in supposing the orbits of the planets to be 
circular, and he placed epicycle upon epicycle to account for the 
irregulaiities of their movements. In his Astronomia Damca^ 
he sets out with the old doctiine that cncular motions arc essen- 
tial to the heavenly bodies, but he admits that the planetary 
orbits are not material; he appears, besides, to have so fax 
caught the spirit of his age as to rise superior to the notion 
that the celestial sphere turned daily about the earth, and he 
justly asciibes that apparent rev olution to a contrary movement 
of the latter, on its axis. 

Vindehnus, in Holland, about the year 1640, maintained that 
the moon’s orbit was circular, but he rejected the epicycles ; and, 
in order to account for the variations of her velocity, he had re- 
course to the supposition that she was endowed with a libratory 
motion, in her orbit, which, combined with the general direct 
movement, produced the acceleration and retardation alternately 
observed. To these we may add the J csuit Ricciolus who, in 
his Almagestum Novum, has given an interesting description of 
the systems of the ancient astronomers and who, to remedy their 
defects, proposes to make Mercury, Venus, and Mars revolve 
about the sun ; Jupiter, Saturn, and the sun accompanied by 
the three foimer planets, revolve about the earth. Jupiter 
and Saturn having satellites, he considers them as primary 
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planets; and tlie otheis having none, he considers them only as 
satellites of the snn. This strange mixture of the systems of 
Copernicus and Tycho Brahe seems to have been contrived, 
as Delamhre ohseives, in compliance with the prejudices of tlie 
church, in that age, against the motion of the earth ; for, while 
pretending to shew the falsity of the former, he expresses himself 
warmly iu its favour. 

Astronomy owes to the Vindelinus above mentioned a great 
step towards the determination of the extent of the solar system ; 
adopting the method originally proposed by Aristarchus for 
computing the distance of the sun from the earth , and availing 
himself of the aid of the telescope, and of instruments for talcing 
angles, better graduated than formeily, he ascertained with pre- 
cision the spots situated in that diameter of the moon which is 
perpendicular to the ecliptic ; and, probably, maHng choice 
of times, for the observations, when the moon is near her 
nodes, and consequently, near the ecliptic, he measured the 
distance between the centres of the sun and moon when the 
latter was dichotomised, which he could ascertain with tolerable 
precision by observing when the line separating the enlightened 
and dark hemispheres passed through those spots ; and repeat- 
ing the observations when the moon was on opposite sides of 
the sun, m order to correct the error arising from the i)robable 
refraction of light in the supposed atmosphere of the moon ; he 
found, after all the necessary corrections were made, that the 
elongation of the moon from the sun was equal to 89 ' 45', and, 
consequently, that the angle subtended at the sun, by a line 
joining the earth and moon, was 15 minutes, hence it was easy 
to determine that the distance of the sun from the earth was 
equal to 13752 semidiameters of the latter ; this is, still, much 
too small a quantity, yet it was an approximation to the truth 
superior to any that had been before made ; and, probably, as 
near it as an observation of that kind would permit. About the 
same time Hortensius, another Dutch astronomer, devised an 
ingenious method of measuring the angular diameters of the 
celestial bodies, which deserves to be mentioned : he received, 
successively, the images of the sun, moon, and planets, m a 
dark rodm, on a screen placed in the focus of the telescope , and 
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by comparison, the diamcteis of the sun and moon being other- 
wise hnown, he deduced the values of the diameters of the 
planets very near the truth , and thus the absolute magni- 
tudes of the bodies composing the solai system became nearly 
known. 

The strongholds of error are not given up till after many 
struggles , therefore it is not surprising that, among those per- 
sons whom the force of reason had compelled to abandon the 
falling systems of Ptolemy and Tycho Brahe, there should be 
some who cndoavouied to reconcile the elliptical theory of 
Kepler with the old and favourite hypothesis of uniform and 
circular motions. It was no longer possible to doubt the exist- 
ence of an attractive prmciple'in the sun and earth ; nor could it 
be denied, from the differences in the mean velocities of the 
d.ifferent planets, that the force of the attraction was less, in 
those which are more remote from the sun ; and theie were even 
some persons who admitted, from a reasonable opinion that it 
was a virtue diffused spherically every where from a centre, that 
Its intensity must be inversely proportional to the square of the 
distance of the attracted, from the attracting body: yet the 
variations in the movement of each planet being indicative of 
corresponding variations in the attractive force of the sun upon 
the planet , and this being thought inconsistent with the imagined 
simplicity of nature’s operations, it was attempted to show that 
the variations of motion were duo to the position of the orbit, 
and that, for each planet, there existed a plane in which the 
attractive force acted with unifoim intensity, and in which, con- 
sequently, the angular velocities were proportional to the times 
of motion. This was exactly the object of a system proposed 
about tlio middle of the seventeenth century, by Albert Curtius 
in Groimany and BuUialdus in Franco , the latter astronomer, 
seized, like many other persons of his day, with the mania of 
seeking the causes of planetary motion, instead of applying 
himself to the task of ascertaining those motions by observation, 
supposed that, at tiie creation of the earth, the Deity projected it 
from the vertex of an upright cone, and caused it to descend, 
with a spiral movement, down its surface till it anived at the 
shortest distance from the sun, from whence, being destined to 
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revolve perpetually about that luminary, it was obliged to re- 
ascend, and thus it describes an elliptical curve : a similar theory 
is proposed for each planet, which is supposed to revolve upon 
the surface of its peculiar cone. 

One of the foci of the ellipse belonging to each planet is sup- 
posed to be in the axis ; and if the oibit be projected ortho- 
graphically on the plane of the base of the cone, the areas 
between the radii vectores in the ellipse being proportional to 
the times of describing the included arcs of the periphery, the 
areas and, consequently, the angles between the projected radii 
in the circular base, will also be proportional to the times ; hence, 
whatever be the movement of the planet in the ellipse, the cor- 
responding angular movements about the centre of the base will 
be miiform. 

Guided by this property of the conic sections, Bullialdus was 
led to imagine that the two foci of the elliptical orbit of each 
planet were, respectively, the centres of uniform and of variable 
motions, the lower focus, which is the centre of variable motion, 
being occupied by the sun, as in the theory of Kepler. A like 
system was supposed to serve for the orbits of the earth and of 
all the planets, but, in the lunar orbit, the following modification 
was found necessary. The earth was supposed to describe, about 
the lower focus of the moon’s elliptical orbit, the circumference 
of a circle, by which its distance iruni the upper focus, and fi:om 
the centre of the ellipse, was variable ; then, when the earth 
was, by this revolution, brought nearest to the apogeum of the 
orbit, the variation thereby produced in the angular velocity of 
the moon constituted the first inequahty, or that which was 
found by Hipparchus to take jilace at the times of the syzygies 5 
and when at the opposite extremity of the same diameter of the 
circle, being Uion at the greatest distance from the apogeum, 
the variation of velocity was equal to the sum of tlie first and 
second variations m the theory of Ptolemy. This movement of 
the earth was supposed to produce a corresponding movement 
of the whole cone, by which the position of the moon’s orbit in 
space would be changed ; and it was from such displacement of 
the cope and oibit that Bullialdus gave the name of evection to 
4hat variation of the moon’s motion which takes place when the 
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major axis is in quadrature, and which, from the time of Ptolemy 
who discovered it, had been denominated the second inequality. 
Bullialdus, also, gave to the mapr axis of the lunar orbit a 
movement parallel to itself, and extending to a small distance 
on each side of the centre of the earth, in order to exhibit the 
cause of the moon’s annual equation , which, in the theory of 
Tycho Brahe, was explained by a supposed libratory motion 
perfoimed by the centre of the moon’s epicycle. 

The two foci of a planet’s orbit may be considered as cor- 
responding with the centics of the earth, and of the planet’s 
uniform angular motion, in the Ptolemean system , the angles of 
the planet’s mean longitude, in the hyx)othesis of Bullialdus, 
having the upper focus for their vertex, while those of the true 
longitude are reckoned about the lower focus, or the place of 
the sun : an ingenious disposition which, if it could have been 
made to represent the results of the planet’s observed movements 
in other respects, would have possessed the advantage of per- 
mitting that which is called Kepler’s theorem, and which, in the 
system of that astronomei, is of a transcendental nature, to be 
solved by the elementary geometry. 

The planetary system of Bullialdus, which he has described 
in his Astronomia Phtlolaica, was adopted and simplified by his 
contemporary Seth Ward, Savilian professor of astronomy at 
Oxford ; and the wild fancy, that the earth and planets had, 
once, moved spirally down the surface of a cone being abandoned, 
the system which, in its improved state, was distinguished from 
that of Kepler by the denomination of the simple cUiptical 
hypothesis, enjoyed for some tune a certain reputation. 

Among the disciples of Bulhaldus may be reckoned Horrox 
of Liverpool, an astronomer of great talent, and whose death, at 
an early age, was regretted by every friend of science ; ho pro- 
posed an improvement, on the lunar theory above mentioned, 
which consisted m making the earth always occupy the lower 
focus of the moon’s orbit, and in giving to the centre of the 
clhpse a movement in the circumference of a small circle de- 
scribed about its mean place, by which the distance of the earth 
from the apsides of the orbit was made variable, and the corre- 
sponding variations in the lunar motions were more correctly ex- 
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hibited. The same astronomer, with his friend Crabtree of 
Manchester, had the good foitnne to be the first persons who 
obtained a sight of the transit of Venus over the sun’s disc : this 
happened on the twenty -fourth day of November, 1639 , when 
Horrox, having caused the image of the sun to fall on a screen 
in a darkened room, observed the planet pist within the disc, 
and in contact with its edge on the interior side. He has given 
an account of the observation in a small work entitled Venus in 
Sole visu ; and, from it, he determined the sun’s parallax to be 
equal to 14 seconds ; a quantity still much too great, but giving 
the distance of the sun from the earth rather nearer the truth 
than that obtained by Vindelinus. The English astronomer, 
however, fell into an erroneous notion that all the planets are 
seen from the sun under equal angles, which he supposed to be 
28 seconds ; and he, consequently, inferred that the diameters 
of the planets increased in proportion to their distances from 
thence. 

The systems of the universe which we have, hitherto, had to 
consider seem to have been proposed chiefly to serve as guides 
in the performance of astronomical computations , we have, now, 
to notice one in which an attempt is made to give an explana- 
tion, firom physical causes, of the existence and disposition 
of the bodies composing the solar system. This was under- 
taken by Descartes, a philosopher who, bemg misled by his at- 
tachment to the mode of reasoning employed in the sciences 
which are purely mathematical, wheie, a few axioms being laid 
down, the properties of numbers and figures are demonstrated by 
a chain of argument, every succeeding link of which is connected 
with that which precedes it ; endeavoured to employ the same 
mode in astronomy, on the supposition that there must neces- 
sarily be the like mutual dependence in physical subjects, and 
that, by commencing with a few first principles, he should be able 
to tiace the concatenation of causes and effects in nature, and 
arrive at the discovery of the laws by which she acts in pro- 
ducing the phenomena of the universe. It may be said of this 
philosopher that he commences his researches with supposing 
that theie is nothing to find , for, m his enquiry conceinmg the 
principles of human knowledge, he alleges that we may enter- 
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tain a doubt of the existence of every thing in nature, (from the 
evidence of our senses,) and that we can infer our own existence 
only from a consciousness that, while we doubt, we are exer- 
cising the faculty of thinking Facile quidem supponimus nul- 
lum esse Deum, nullum coelum^ nulla corpora , non autem icleo 
nos qui talia cogitamus nihil esse repugnat enim^ ut putemus^ 
id quod cogvtat^ eo ipso tempore quo cogitate non existere. Ac 
pioinde Ikbc cognitiOy ego cogito, ergo sum, est omnium prima 
et certissima^ qiim cuiUhet or dine philosophanti occurrat 

Such scepticism was, perhaps, excusable in an age when 
the light of reason was beginning to shine upon the philosophi- 
cal world, which had, for so many centuries, been overshadowed 
by the clouds of the Aristotelian doctrines, and when the guides in 
whom, hitherto, implicit confidence had been placed were found 
to fail ; for then, it was natural that men should endeavour to 
pursue the study of nature in an entiicly new direction, though 
it were necessary to examine and make gooS. the ground at 
eveiy step At this time a great change was taking place in the 
liiimau character ; the examples of Bacon, Kepler and Galileo, en- 
couraged men of well regulated minds to bring every hypo- 
thesis to the test of observation and experiment, and indisposed 
them for receiving an opinion, however plausible, till it had been 
supported by the concurrence of nature herself j and to this 
mode of proceeding in physical enquiries we owe the gicat ad- 
vances which have been made in the mixed mathematical 
sciences during the two centuries immediately preceding our 
own times. But it was not in every case that the labours of 
philosophers were directed to their legitimate end; and the 
fetters of ancient prejudices being removed, it sometimes hap- 
pened, as it had happened before they were imposed, that men 
were tempted to form hypotheses concerning things which ought 
to be entirely without the range of their enquiries. 

Thus Descartes, follomng the steps of the Epicureans, as- 
sumed that the particles of original matter were endowed with 
motions in every direction and that, by their collision, they ac- 
qiiired circular movements about an infinite number of centres ; 
thus constituting voiticcs oi whirlpools of matter, in the con- 
^ Frincipioium Pliilo&opliiaj, Fais X. sect. 7 - 
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tres of which the sun and stars formed themselves. The sun 
was supposed to be the centre of one vast vortex within which 
revolved all the planets with their particular vortices ; and in 
these last, revolved the satellites of the planets : the same circu- 
lar motion which caused the planets to turn about the sun, and 
the satellites about their respective primaries was, also, supposed 
to have given the bodies of the solar system their spherical 
forms and to have caused their revolutions upon their axes. 
From the solar system Descartes extended the same idea to the 
limits of the univcise, he supposed that the heavens were di- 
vided into thiee regions ; that the first is the vortex of fluid 
matter of which the sun is the centre and which extends beyond 
the orbit of Saturn ; the second is that of the fixed stars, each 
of which he, also, considered as the centre of a vast vortex like 
that of our planetary system ; and the third is, he observes, that 
which will he unknown to us in this life 

This system of vortices seems to have been intended to super- 
sede the intelligences, or souls, which, by Kepler and others, had 
been introduced as causes of the movements of the celestial 
bodies, and Descai'tes conceives that it will reconcile the 
two contrary opinions concerning the state of the earth with 
lespect to rest or motion; both of which opinions, he sup- 
poses, may be true at the same time. Since, says he we know 
that the eaith is not supported by columns nor suspended by 
cords, but surrounded by a fluid, we may suppose it at rest 
though it be earned on by the movement of the heavens ; as a 
ship which IS neither carried forwards by the winds nor retained 
by its anchors remains at rest on the ocean, while, at the same 
time, the flux and reflux of the water may, insensibly, displace 
it with respect to the same point in space. The explanation 
was evidently proposed to lemove the objections which, in those 
days, were uiged against the motion of the earth, firom a secret 
prepossession in favour of the opinions of the ancients ; but the 
time was approaching in which such explanations ceased to be 
necessary, by the abandonment of the prejudices which they 
were intended to conciliate. 

Descartes, in speaking of the circular movement produced in 
a Pnn Phil Pais III sect. 30-63. ^ Ibid, Pars III. sect 20. 
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a stone when it is made to revolve in a sling, expressly states, 
in conformity to the results of daily observation, that it conti- 
nually endeavoiiis to recede from the centre m a right line 
touching tlie arc it describes , but this centrifugal force would 
be a necessary consequence of the i evolution of the particles of 
matter which constitute the vortices, and it is evident, there- 
fore, that such voitices would speedily be annihilated by the 
dispersion of the matter in infinite space . in reply to an ob- 
jection supposed to be uigcd against his system, on this account, 
he IS reduced to the necessity of asserting that the lecess of the 
particles from the centre of the vortex is prevented by the pres- 
sure of those beyond ; which, however, instead of taking away 
the difficulty, can only be considered as removing it a step fur- 
ther off. The system seems to have been entertained but a 
short time among the learned, and, perhaps, it was never gene- 
rally received : the movements of the planets in oibits oblique 
to each other though m the same vortex, and those of the 
comets in every direction, wore convincing proofs of its insuf- 
ficiency, but it fell entirely when Sir Isaac Newton proved, as 
will be hereafter shewn, that it was incompatible with the ob- 
served laws of planetary motion. 

Since1:he time of Descartes, France has been distinguished 
as the country of many celebrated mathematicians whose 
labours have contributed much to shed a lustre ovoi the 
nation, and bring the sciences Ito their present highly improved 
state ; among these are conspicuous the four Cassinis, who, suc- 
cessively, filled the chair of astronomy at Pans from tho middle 
of the seventeenth to the beginning of the nineteenth century, 
and had the direction of the royal observatory established there 
by Louis XIV. Dominicus Cassini, tho first of these, was by 
that monarch invited from Italy in 1069 and, during a long life, 
for he died m 1712 at tho ago of eighty-seven, ho was unwearied 
in observing the heavens with instruments which were then be- 
coming fai more perfect than they had been before. Previous 
to his departure from, and during a subsequent visit to his 
native country, he re-traced m the church of St. Petronius, at 
Bologna, a meridian line which had been, before, executed by 
Ignatius Dante, and he endeavoured, by means of that line and 
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an apeilnre made in the edifice, at the height of eighty-four 
feet from the pavement, to ascertain with precision the visible 
diameter of the sun, the obliquity of the ecliptic, and other 
elements of the solar orbit. The image of the sun’s disc, being 
transmitted through the aperture and received on the pavement, 
was daily measured ; and the variations of its magnitude, being 
compared with the daily movement of that luminary in longi- 
tude, shewed that the velocities varied in a different proportion 
from the apparent diameters ; Cassini concluded, horn thence, 
that the elliptical form of the orbit was not the only cause of the 
observed inequalities of the sun’s movement ; and, in ignorance 
of the effects arising from the mutual attractions of the planets, 
he conceived that the sun’s orbit might be some curve different 
from, but neaily lesembling an ellipse; he proposed, therefore, 
for it, a curve, which he denominated the Cassinoid, and which, 
he supposed, would cause the sun, by moving in it, to undergo 
variations of apparent angular velocity conformable to those 
determined by observation. The process above mentioned may 
be considered as the last effort to employ the gnomon as an in- 
strument of observation , it was expected that, by using one of 
great magnitude, the results obtained would be far superior in 
accuracy to those afforded by the mural quadrants tffen con- 
structed, but this hope was found to be fallacious from the im- 
possibility of preventing the displacement, m the course of time, 
of the materials employed in the construction; and the cor- 
rectness with which ciicular instruments have, since that time, 
been graduated has rendered the latter far preferable for all 
the purposes of practical astronomy. It may be worth while 
to observe, here, that La Hire, who was a contemporary of 
Cassini, attempted to represent the forms of the planetary 
orbits by circles of the higher orders, in order to explain tlie 
inequalities of the movements ; he, afterwards, however, aban- 
doned the idea ; and this seems to have been the last propo- 
sition made for changing the elliptical form which had been 
invented by Kepler The elhpse is not, indeed, the true figure 
of a planet’s oibit nor can any geometrical figure represent 
that which, within ccitain limits, is continually varying, but 
mathematicians have found it convenient to use this as a means 



XIX.] 


DISCOVERIES IN THE HEAVENS. 


425 


of making a first approximation to the momentaiy position of 
a planet, in space ; and they, afterwards, coiTcct that posi- 
tion by various equations which the discovery of the laws 
of planetary action has enabled them to determine. 

The substitution of two or more lenses, of convex forms, for 
the single concave eye glass in the telescopes used by Galileo, 
had gTcatly improved those instruments by permitting the mag- 
nifying power to be increased in a more than twofold degree, 
without too much diminishing the light and field of view, and 
without causing too great an appaiont distortion of the object 
For this improvement astronomers aie chiefly indebted to Huy- 
gens, whose telescopes first shewed the belts, as they are called, 
on the surface of Jupiter, and that the objects accompanying 
Saturn, which were before supposed to be two small stais, really 
constituted an annulus surrounding the planet ; foi, observing the 
latter during about nine months, he found that those objects gia- 
dually diminished in magnitude till, in January 1656, they dis- 
apjieared, so that Saturn then resembled the rest of the planets 
in form , but, in the following October, the accompaniment re- 
turned and the planet appeared as at first ; there could, there- 
fore, be no doubt of the nature of the objects, and Huygens 
concluded that the ring was an opaque substance reflecting the 
light of the sun ; he also concluded that its plane was inclined 
to the orbit of Saturn, and he assigned two causes for its disap- 
peaianco, which are that the plane of the liiig, regularly chang- 
ing its position, occasionally passes through the earth, and occa- 
sionally, through the sun ; in the first case, the edge, only, is 
presented to us and, in the other, the edge, only, is enlightened 
by the sun j consequently, in both cases, as the thickness of the 
ring subtends an angle which is then insensible, the ring is 
necessarily invisible to a spectator on the earth. Since that 
time, howevei, the poweiful telescopes of the late Sir William 
Herschcll, have permitted the nng to be soon in all situations. 
Maraldi, a nephew of Dominicus Cassini, also a diligent ob- 
server of the heavens, afterwards remained that the ring remains 
invisible fiom the time that the plane of the ring passes through 
the earth, till it passes so far above or below the plane of the 
eai ill’s orbit that the sun’s light upon the former i)lano becomes 
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gi'eat enough to render it visible; and that it remains invisible 
while the plane of the ring lies between the earth and the sun, 
because, then, the dark side is turned towards us. The same 
Cassini discpvered that the ring is divided hy a dark elliptical 
line into two parts which aie concentnc with each other, but of 
unequal biilliancy, and he first observed the lines, or belts, which 
are commonly seen on the surface of the planet Jaques Cassini, 
his son, remarking that the disappearance and re-appearance of 
the two sides of the nng do not take place, respectively, after 
equal intervals of time, concluded that the whole surface of the 
ring IS not exactly, in one plane, and M. Messier, m 1773, 
irom the inequalities of the light as well as from the appearance 
of distinct luminous points when the breadth of the ring was 
very much diminished, concluded that the surface is consider- 
ably diversified with mountains and valleys. The shadow cast 
by the planet itself on the plane of the ring had been early ob- 
served; but Sir William Herschell was the first who peiccived 
the shadow cast by the ring on the body of the planet, at a time 
when the edge of the former, being turned towards the earth, 
was itself, invisible 

Huygens was fortunate enough to discover one of the satellites 
of Saturn , but, misled by the spirit of system, he lashly com- 
mitted himself by asserting that there remained no more satellites 
to discover because their number was, then, exactly equal to the 
number of primary planets. Dominicus Cassini subsequently 
discovered that Saturn was accompanied by four other satellites ; 
and, among the first discoveries made by Herschell with the groat, 
telescope he had constructed, was that of two more, which made 
the whole number equal to seven. 

The phenomena of the planets were particularly attended to by 
Dominicus Cassini, and his discoveries contributed materially to 
establish the opinion that all the solar system is subject to one 
law of action; his observations on the spots of Mars and Jupiter 
enabled him to decide that they adhere to those planets, and, 
appearing lai'ger when near the centre than elsewdiere, it w^as 
evident that they revolve with the planets about the axes of the 
latter, and the times of their appearance and disappearance, and 
the positions of the paths they desoiibe, shewed the periods in 
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which the revolutions are performed and the inclinations of the 
axes to the planes of the orbits. The same astionomer deter- 
mined, also, the dimensions and positions of the orbits of Jupi- 
ter’s satellites ; and, from his observations of their movements, 
he was enabled to compute the times at which they appear, 
to the inhabitants of the earth, to become eclipsed by entering 
into the shadow of the planet : he foresaw the importance of 
these phenomena in the solution of the ];)r()l)lcm for finding the 
longitudes of places on the earth , but, before they could be len- 
dered available foi this puipose, a far more accurate Imowlcdge 
of the movements of the satellites was required. In 1677, Cas- 
sini remarked a spot on the body of Jui^iter, at a time when the 
fourth satellite was known to be between the earth and planet, 
and he observed that the spot quitted the latter at the moment 
the satellite became visible : it was, therefore, evident that this 
was the satellite itself, rendeied visible only by the superior bril- 
liancy of the planet. Now this appeaiancc was not found to 
occur every time that the satellite was on the planet, but only 
after intervals of twelve years, and the mfcicnce drawn from 
the circumstance was that the satellites of Jupiter, like our moon, 
revolve on their axes in the times of then revolutions about the 
planet , by which means the same face of the satellite is turned 
towaids the earth at the end of every revolution of Jupiter about 
the sun, and is rendered visible to us from the diminution of its 
brilliancy, caused by the spots supposed to be on its surface. 
The same astronomer, observing that the fifth satellite of Saturn 
gradually lost and recovered its brilliancy during its movement 
through the eastern and western parts of its orbit, respectively, 
inferred that the same law prevailed in the rotations of the satel- 
htes of that planet ; an inference which was subsequently con- 
firmed by Ilcrschell. By one part of the disc of Venus appear- 
ing less bright than the rest, Cassini was enabled to follow that 
planet in its rotation on its axis; and he, from thence, com 
eluded the time in which the rotation was performed, but with 
some hesitation because, on account of her apparent vicinity to 
the sun, she is not visible during a sufficient length of time. 
M SchrofJer has, however, since, confirmed the opinion of Cas- 
sini from his observations on the returns of like appearances at 
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one of the cusps of that planet. Her movement of rotation was 
found to be directed nearly from north to south, a circumstance 
in which she is distinguished from the other planets, whose ro- 
tations are nearly from west to east, and which indicates a very 
small obliquity of her axis to the plane of her orbit. Another 
phenomenon observed by Dominicus Cassini was, that the disc 
of Jupiter is not circular but elliptical, being in a sensible de- 
gree compressed at the poles ; his instruments were, however, 
not sufficiently good to allow him to ascertain the difference be- 
tween the two diameters, but this was afterwards accomplished 
by P ound and Short, in England : a similar compression has 
been, subsequently, observed in the other planets, and that of 
Saturn is particularly great. 

The hhrations of the moon had been observed before the time 
of Cassini and that by which we, occasionally, see an additional 
portion of the upper and lower edge of the disc had been rightly 
ascribed to the position of the spectator, who looks down upon 
her when she is in the horizon, and under her when she is near 
the meridian , but the above astronomer appears to have been 
the first who ascribed the libiation in longitude to a difference 
between hei velocity m the orbit and that of the rotation on her 
axis. 

Besides numerous observations tending to the discoveiy of the 
foims of the planets and to a more correct determination of their 
mean movements by a comparison of the ancient with the mo- 
dem places, the enquiries of astronomers were, in the same age, 
particularly diiected to those circumstances which relate to the 
positions of the planetary orbits themselves , such as their obli- 
quity to the ecliptic and the motions of their nodes and aphelia, 
which had been, in former times, very incorrectly ascertained. 
Maraldi determined, by means of an observation made in the 
year BOO Before Christ, the position of the ascending node of 
Jupiter’s orbit, and comparing it with the position of the same 
node, observed 1934 years subsequently, he found that, in the 
interval, it had advanced 12 ^ degrees with respect to the equi- 
noctial points ; but these having, in the same time, retrograded 
27 degrees, it was evident that the node must have retrogiaded, 
with respect to the fixed stars, as much as 14 J degrees. The 
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same astronomer, and his relative, Jacques Cassini, suspected, 
also, that the aphelia of the orbits of Jupiter and Saturn had, 
each, a progressive motion in space because, in the course of 
ages, they appeared to have advanced more than the equinoctial 
points had retrograded ; but the want of precision in the obser- 
vations did not allow them to conclude positively that such was 
the fact. The same uncertainty, then, prevailed concerning the 
movements of the nodes of Mercury and Venus, which La Hire 
and Cassini supposed to be in retrograde ordci. 

The mean motions of the planets were, in this age, ascertained 
veiy conectly by comparisons of the actual places with tlioso 
determined from the observations of Tycho Biaho and of the 
ancient astronomers, but Maxaldi and Cassini discovered the 
remarkable fact, that the mean motion of Jupiter was, then, 
more rapid, and that of Saturn, less so than they had formerly 
been : this circumstance, which is, now, so well known to bo 
caused by the mutual peiturbations exorcised by those planets 
on each other, appeared at first to bo quite inexplicable : the 
latter astronomer, however, proposed an opinion that the effects 
icsultod, in some manner, firorn the changes which take place in 
the positions of the orbits, in consequence of the progression of 
their apsides ; and, with singular good fortune, he conjectured 
that the time would come when those effects would be of a con- 
trary nature ; the motion of Saturn becoming more rapid than 
that of Jupitei, and so on, alternately. La Lando, also, in the 
middle of the eighteenth century, ascertained fiom obscivation, 
that, during about thirty-five years pieviously, the mean motion 
of Saturn had experienced an abrupt acceleration ; and the dis- 
covery of the cause of these inequalities of movement was, soon 
afterward, to follow. Several variations were, also, at this time, 
found to take place in the movements of Jupiter’s satellites, in 
the inclinations of their oibits and in the positions of the apsides 
and nodes. The nodes of the fourth satellite wore found to move 
in diicct, instead of retrogi-ade older , and those of the second, to 
have a motion which is alternately direct and retrograde. 
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CHAPTER XX. 

THE THEORY OF GRAVITATION DEVELOPED BY NEWTON. 

Huygens measures tEe intensity of terrestrial atti action by the vibrations 
of pendulums — ^Dr. Hook’s illustration of planetary motion. — Newton dis- 
covers that terrestrial gravity extends beyond the moon. ^He demonstrates 

the laws of planetary motion — Manner in which a planet describes an ellip- 
tical orbit — Universality of the jinnciple of attraction —The sun and 
planets revolve about the centres of gravity — The planets disturb each, 
other’s motions —The pertuibations produce movements in the apsides and 
nodes of an orbit.— Manner of decomposing a peiturbatmg force.— EiFects 
of peiturbation in changing the figure of a planet’s orbit.— Application of 
the theory of attraction to the moon —Causes of the several inequalities in 
the moon’s motions —Cause of the retrogradation of the equinoctial points. 

— Physical cause of the tides — Cause that the moon always presents the 
same face to the earth.— The comets shewn to be subject to the law of gra- 
vitation.— Objections at first urged against Newton’s theory.— Newton’s 
preference of the geometrical mode of investigating propositions. 

About the middle of the seventeenth century Huygens, in tlol- 
land, discovered the laws by ivhich abody descends and ascends 
along the arc of a cycloid, and his attempt to produce a move- 
ment of this nature,- in the pendulum apphod to machinery for 
the purpose of measuring time, in ordei to render the vibrations 
isochronous, is well known , but, though this ingenious project 
was not attended with the success at first anticipated, yet the 
laws of motion in a cycloid were found to be of great import- 
ance in the determination of the relations between the times of 
motion and the spaces passed thiough, by bodies descending 
near the earth, from the force of terrestrial attraction, and be- 
came the means of obtammg an expression for the intensity of 
that kind of attraction. 

Galileo had proved, mathematically, that, since gravity is a force 
continually acting, it must cause a falling body to descend through 
spaces pioportional to the squares of the times of descent; and 
attempts had been, subsequently, made to verily the proposition 
by letting bodies fall from the tops of buildings to the ground. 
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and measuring the spaces descended in given times ; but the 
values thus found being liable to great uncertainty from the dif- 
ficulty of ascertaining the time of descent accurately, Huygens 
put in practice the following method by which the utmost pre- 
cision might be obtained. He had proved, from the pro- 
peities of the cycloid, that the time of a vibration along that 
cur\^e, is to the time of descending down the height, or axis, 
of the cycloid, as the circumference of a circle is to its 
diameter : now the length of the said axis, which is half the 
length of the pendulum, reckoned between the centres of sus- 
pension and oscillation, can be measured with great accuracy, 
and the time of a vibration can be ascertained very correctly 
by counting the number of vibrations performed in' a consider- 
able time , hence the space descended by a body m one second 
of time near the earth’s surface is known to be equal to about 
16 iV and, because it can be shewn that the velocity which 
a body, subject to the action of a constant accelerative force, 
acquiies at the end of a given time of motion, is such as w^ould 
carry it, with uniform motion, through twice the space it has 
moved through, in the same time, if the accelerative foice were 
to cease ; it follows that a body near the earth would, at the 
end of one second of time, acquire a velocity of 82^ foot ; and 
this number, therefore, is taken as the measure of the force of 
giavity near the earth. Huygens, also, showed that when a 
body 1 evolves m the ciicumfcrenco of a circle there is an cqui- 
libiium between the centripetal and centiifugal forces, or those 
by which it, respectively, tends to approach to, and recede from 
the centre of motion ; and ho illustrates the subject by the con- 
dition of a stone revolving m a sling : observing that if tlio 
centiifugal, exceeded the centripetal force, the string would 
break , if it weie less, the string would slacken, and the stone 
would come to the hand ; but the particular velocity which a 
body must have, to enable it to icvolve in a circular orbit about 
a centre of attraction, was not discovered till afterwards- 
Tho unconnected ideas of Copernicus, Kepler, Galileo and 
Descartes, couceniing physical action were, by Dr. Hook, col- 
lected and presented in one view lie asseits that, in all tlio celes- 
tial bodies, there is a piinciplo of attraction by which their par- 
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tides tend to their respective centres ; and that they attract all 
bodies within the sphere of their influence, with a power which 
IS so much the greater as the latter aie nearer to the former : 
he, therefore, concludes that the sun, moon and planets have an 
influence on the eaith, affecting its motion ; and, reciprocally, 
that the earth must exert an influence on them : he repeats the 
hypothesis of Galileo, that bodies, once put in motion, will 
continue to advance in rectilinear directions, unless some ex- 
ternal power acts upon them to change their courses ; and he 
goes so far as to remark that, by such external force, they may 
be made to describe circles, ellipses or some other curves : but 
both he and Di. Halley seem to have attempted without success 
to ascertam what must he the law of attraction by which a body 
would he enabled to desenbe an orbit of any given form. Here 
Dr. Hook stops and, though the bringing these leading ideas 
together must have been a great assistance to any one who, 
subsequently, investigated the laws of planetary movement, yet 
an immense space intervened between those general notices and 
the creation of a theory by which the celestial phenomena were 
accounted for. Hook exhibited a representation of the laws of 
nature, in the solar system, by suspending a hall from the ceil- 
ing and, while it vibrated hke a pendulum, giving it an impulse 
laterally, with respect to the plane of vibration, when the ball 
was found to describe an elhpse about a centre which was in the 
vertical hne passmg through the point of suspension : he, also, 
attached a second ball to the ongmal one and, by an impulse, 
made it revolve about the fiist wlnle this i evolved about the said 
vertical line ; and he shewed that, now, the ongmal ball, which 
icpiesented the eaitii, no longer desenbed an elhpse, as before, 
but that a certain point between this and the other body, (the 
latter representing the moon,) described the elhpse, and that 
both halls i evolved in curves about that point which, as he 
rightly supposed, 'represented the common centre of gravity of 
the two bodies. But the dependence of the forms of the oibits 
described by the revolving bodies on the law of attraction was 
unknown to Hooke and, to solve this problem, a mind still more 
comprehensive was waiitmg, and new aids wore to be obtained 
from the puie sciences. 
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It is hi^ly gratifying to observe that the principal nations of 
Europe have had their shares in the honour of advancing the 
cause of sound philosophy and, particularly, of astronomical 
science. "We have^seen that Germany gave birth to Copernicus 
and Kepler, of whom the former, with powerful arm, overthrew 
the baiiiers raised by ancient prejudices and advanced to some 
distance, though with cautious steps, over the uncertain giound 
beyond , while the latter, with unwearied labour essayed every 
probable path and, having found the right one, proceeded along 
it to the very gate of truth. We have seen Italy send forth Galileo, 
to whose piercing eye the forms of the planetary bodies stood 
revealed ; and France and Holland raise up their Cassinis and 
Huygens to correct and extend the knowledge of the celestial 
movements, and open the way to the discovery of the earth’s 
figure and the law of gravitation. But, as good patriots, we are 
proud that our countiy produced a Newton whose bright genius 
soared loftily over those of the greatest philosophers of his own, 
and of ancient times ; who, bringing to bear upon the elements 
gradually accumulated during a long scries of ages, the energies 
of his powerful mmd, wrung from reluctant Nature the avowal 
of the laws by which she holds the material universe in cqui- 
li'brio. Happy should we feel could we say that his, and our 
countiymen had followed his steps and, at least, shared with the 
men of other nations the honour of prosecuting his discoveries, both 
m pure and mixed mathematics, to the point they have since his 
time attained ; but, with regret, we arc obliged to own that the 
wreath which encircled the brows of Newton has been suffered to 
wither on his tomb , and, as if intellectual pursuits of the highest 
order were not the noblest objects of human life, and the duty 
of all who, by fortune, are placed above the condition of the 
labouring hind, the generous efforts of an enlightened few to 
re-excite the decaying flame of pure science, it has been too 
often attempted to repress, by the illiberal and mistaken objec- 
tion that such researches are but remotely subservient to the 
interests of man. In the mean time our national rivals have 
cast our intellectual glories in the shade, and loft us scarcely a 
hope of being able to recover the ground we have lost. May 
this consideration^ however, only stimulate us, in future, to new 
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exertions ; tliat we maj become, at least, not iinworthy of inhe- 
Titing tbe renow'n our fatheis have acquired ! 

Sir Isaac Newton was bom m 1642 and, according to Dr 
Pemberton^ it was in 1666, during his temporary retirement 
from the xmiversity on account of the plague then raging in 
Cambridge, that he began his inquiry into the nature of planet- 
ary attraction. Accident, then, seems to have led him to con- 
sider that, since the attractive force of the earth, by which a 
stone, when unsupported, descends with an accelerated motion, 
has less intensity on the top of a mountain than in a valley, it 
might extend, though with still diminished force, to the region 
ol the moon ; and might be that power by which, in conjunc- 
tion with some lateral impulsive foice originally given, our 
satellite is made to desciibe its paiticular orbit about the eaith. 
All ciToncons estimate of the magnitude of the earth prevented 
Newton from, immediately, discovering the identity of terres- 
trial gravity with that attractive force by which the moon is 
retained in her orbit, by leading him to tlie conclusion that the 
latter was greater hy one-sixth than it ought to have been on 
that supposition, but when, subsequently, on occasion of a 
letter from Dr. Hook containing an enquiry into the nature of 
the line described by a bpdy in falling from a great height, 
according to the laws of acceleration delivered by Galileo, 
taking also into consideration the dmmal movement of the earth, 
he was induced to renew, with more accurate data, his investi- 
gations concerning the action of the earth on the moon, he 
obtained demonstrative evidence of that identity. For, having 
obtained the dimensions of the moon’s orbit and the value of 
the arc described by that celestial body in one day, he computed 
the versed sine, which is a decomposed part of the motion in 
the arc, and found it equal to the space through which any 
body in that region would descend towards the eaith, in the 
same time, by the attraction of the latter, supposing this attrac- 
tion to diminish m the inverse ratio of the square of the dis- 
tance 

It appears to have been in the year 1683 that Newton com- 
municated to the Eoyal Society certain propositions concerning 
^ Puncipia Mathematica, Lib, III. Prop. 4. 
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the motions of the planets round the sun, which form the basis 
of the great work above quoted, and of what has been since 
denominated physical astronomy, ilaving laid down the three 
well known laws of motion he shews, m a corollary to the third, 
that, if a body be urged by two forces in different dnections, it 
will describe the diagonal of a parallelogram in the same time that, 
by the action of either force alone, in the direction of one of its 
sides, it would describe that side: and, in the first pioposition 
of the first book, he demonstrates tliat if a body be continually 
attiacted towards a centre and, at the beginning of its motion, 
it receive an impulse in some other direction, it will describe a 
curve line about that centre with a velocity either uniform or so 
varied that areas formed between the curve and the radii vec- 
tores drawn from the centre of attraction to any part of the 
periphery wiU be still proportioned to the times in which the 
body desciibes the arcs between those radii. In the seventeenth 
proposition, assuming that the central atUacting force is inversely 
proportional to the squaie of the distance of the attracted body, 
ho enquires what will be the path described by a body, if projected 
from a given point, in the direction of a given lino and with a 
given velocity: and he proves that, according to the intensity of 
the projectile force, it will dosenbe an elhpsc or a parabola about 
the pomt of attraction as a focus: and, in the fifteenth, he demon- 
strates that, when several bodies revolve in ellipses about a centre 
of atti action situated in a common focus, the squares of the 
periodical times in which their complete revolutions arc accom- 
phshed will bo proportional to the cubes of the major axes of 
the orbits, respectively, or to the cubes of the mean distances 
of the bodies from that focus 

The attractions of all the bodies composmg the solar system 
being mutual, and the whole attraction of any planet towards 
the sun being made up of the attractive force residing in the 
sun, and of that in the planet itself, and both attractions being 
inversely proportional to the square of the distance of the 
sun and planet from each other, it is evident that the first two 
laws of Kepler arc not affected by tliis mutual attraction, botli 
forces acting in the same nght line, and the sum of the tw'o 
being still inversely proportional to the square of the distance , 

E F 2 
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blit the case is diflFerent with the third law, which cannot be 
said to hold good, strictly; since it supposes that, at equal 
distances from the sun, two planets would be equally attracted, 
whereas, the planets being of unequal magnitudes, or containing 
unequal masses of matter ; at equal distances, the sum of the 
attractions of the sun and any one planet could not be equal to 
that of the attractions of the sun and any other planet, conse- 
quently the squares of the periodical times of revolution are not 
exactly proportioned to the cubes of the mean distances: and 
the correction due to this erroneous supposition enters among 
those which it is necessary to make, on account of the perturba- 
tions caused by the mutual attractions of the planets themselves. 

Hitherto Newton considers the bodies attracting and attracted 
as mere points ; but he shews * that the particles of matter 
composing the great bodies of the solar system are hdd together 
by an attractive power similar to that which is in action between 
the bodies themselves ; and, considering that the attraction of 
the bodies is made up of the attractions of all the particles com- 
posing them, he proves** that, when two attracting spheres, 
whether they be both homogeneous, or both similar, with respect 
to their densities, at given distances from the centre, are situated 
at different distances from each other, their mutual attractions 
are directly proportional to the masses, and inversely propor- 
tional to the -squares of the distances : and, m the eighth and 
nmth -corollaries to the latter proposition, he shows that the 
propositions, before demonstrated, relative to the motion of 
points about the foci of the come sections, hold good when both 
the central and the revolving bodies are attracting spheres. The 
laws which Kepler had, with so much labom, proved to exist 
among the bodies of the solar system, are, thus, proved to be 
necessary consequences of the attractive principle which resides 
in all the matter of the universe, and which varies in intensity 
according to the squares of the distances, mversely, as above 
assumed : and the manner m which a planetary body, subject 
to the action of an attractive force in the sun, and urged by an 
impulsive force in another direction, revolves in an elhpse about 

f Princip. Lib. HI., Prop. 7, -eor. 1. >■ Ibid. Lib. 1. Prop. 74 and 76. 
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that luminaxy, may be explained by supposing the impulsive 
force to have been, oiiginaJly, greater ol: less than that which 
would be necessary to allow the revolving body to move in a 
circular orbit , on the supposition that the impulsive force is 
less, the planet, approaching continually nearer the sun by the 
excess of the attractive above the other force, acquires an aug- 
mentation of velocity, because, the sun’s attraction being decom- 
posed in the diiections of a tangent, and of a normal to the 
orbit, the former part is coincident with the direction in which the 
impulsive force acts on the planet i but an augmentation of 
velocity is necessarily attended with an augmentation of the 
centrifugal force, and, when this becomes equal to the centri- 
petal, or attracting force, the planet must be in perihelio ; for, 
afterward, the former becoming greater than the latter force, 
the planet recedes from the sun, and that decomposed part of 
the centripetal force which coincides with the tangent to the 
orbit, acts in a direction contrary to that of the impulsive force ; 
hence the velocity of the planet diminishes and, with it, the 
centrifugal and centripetal forces ; and, these diminutions taking 
place by the same degrees as the augmentations on the opposite 
side of the line of the apsides, the planet is necessarily caused 
to return to the point from whence it set out, and the former 
movement is repeated. In like manner, if a secondary planet 
be attracted towards its primary, and be made subject to the 
action of an impulsive force m another direction, it is evident 
that this secondary may be made to revolve in an elliptical 
orbit about the principal planet, while the latter revolves, as 
above explained, about the sun ; and thus is constituted a sys- 
tem of three bodies, like that of the sun, earth, and moon. 

The proportions subsisting between the peiiodical times of 
revolution and the distances of the revolving bodies from the 
centre of attraction, being found to be the same for the earth 
and all the planets which revolve about the sun ; it is evident 
that the sun is the common focus of attraction for these bodies, 
and that the power which retains the earth in its orbit is the 
same as that which retains the others ; since, if the distances of 
the planets from the sun were all equal, the periodical tunes of 
revolution would be equal, and the pkuets would be attracted 
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witli forces of eqnal intensity towaids the centre of tho system : 
but what IS proved of the attracting power residing in the snn 
is proved^ also, of that which resides m all the planets that 
have satellites ; for, as the movements of these about their pri- 
maries are subject to the same laws as those of their primaries about 
the sun, it follows that the Earth, Jupiter, and Saturn, possess 
also an attractive power which vanes in the inverse duplicate 
ratio of the distance , and thus the universality of the gravitating 
principle is established. And, as tlie attractions of the eaith 
and planets are found to extend to their respective satellites, 
it cannot be doubted that they extend far beyond, though with 
diminished force ; and, consequently, that the planets react on 
the sun and mutually attract each other ; hence we conclude 
that they must produce perturbations in each other’s motions, 
and that, from this cause, the observed velocities of the planets 
cannot be such as* would result from a simple elliptical motion. 

From the degree of attractive power exercised by the planets 
upon their sateHites^ in producing the movements observed in 
the latter, Newton was enabled, and such a discovery could 
not, in a former ago, have been imagined, to determine the 
quantities of matter in, and the densities of those planets which 
are attended by satellites^, the densities of the other planets, 
Mercury, Venus, and Mars can only be ascertained indirectly 
and with much uncertainty. 

In consequence of the mutual attractions of the planets, it 
follows that the sun is not quiescent in a common focus of their 
oibits, Newton shews, however^, that the common centre of 
gravity of the sun and planets is never distant fiom thh cciitre of 
the sun so much as one diameter of that luminary; and, in the 
corollary, he asseits that this common centre of gravity is to be 
considered as the true centre of the solar system • he supposes 
it immoveable, but modem astronomers arc of a different opinion, 
and there is reason to believe, from the variations which have 
been observed m the relative distances of certain fixed stais, 
situated in opposite parts of the heavens, that it is moving 
directly towaixls that quarter m which are the constellations 


I’riucip. liil) III. Prop. 8. coi.2 8. 


^ Ibid Lib. III. Piop. 12. 
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Aquila and Hercules, or that it is performing a revolution about 
some unknown, but immensely remote point of space. 

Since the mutual attractions of the sun and planets must, 
necessarily, change the simplicity of the original law of move- 
ment } the planets, on this account, cannot, stiictly speaking, 
describe, about the sun, elliptical orbits, nor areas propoitional 
to the times I but Newton shews ^ that in a system of bodies 
moving about one consideiably greater than all the icst, and 
such is the case with the system to which we belong, the 
propoitional aicas and the elliptical orbits aic, by those 
planets which have no satellites, desciibcd, very nearly, about 
the common centre of gravity , and, with respect to each of 
those planets which have satellites, the Harth, Jui)itcr, and 
Saturn, he observes''^ that it is the common centie of giavity of 
the primary and all its satellites which dcsciibes, nearly, the 
elliptical orbit and areas pioportional to the times. He adds 
that the sun, himself, is made to describe an orbit about the 
common centre of gravity of the system, that the caiih and 
moon levolvc about their own common centre, m a month; and, 
in like manner, each primary planet and its secondaries revolve 
about the centre of its particular system. 

Newton admits thai the force of the attraction exercised by 
the planets on one another should be taken into consideration, 
m a theory of Iholi motions: he observes that, at the conjunc- 
tions of Jupiter, Saturn and the sun, the attractions exciciscd 
by the first and last on Saturn aic, to one anothci, in the ratio of 
1 to 211, nearly, and ho shews that thcie arises a sensible 
pcrtuibation in the orbit of Saturn by the action of Jupiter ; 
from which, according as the former happens to ho situated, with 
respect to the lino of its apsides, at the time of the conjunction, 
the eccentricity may bo augmented or diminished; its aphelion, 
also, will he made to advance or to retrograde, and its moan 
motion accelerated or retarded: the whole error m the mean 
motion of Saturn he supposes to ho equal to about two minutes 
annuallyS but ho considois this quantity to bo superior to the 

» Pimcip. Lib. I. Prop- 08, coi. ^ Ibid. Idb. III. Piop. U 
« Ibid. Lib III Pi op. 13. 
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error produced hy a snnilaT cause iu tlie mean motions of any 
of the other planets. 

In all his investigations, Newton supposed the apsides and 
nodes of a planet’s orhit to be immoveable and, in fact, in his 
time, the observations were not sufficiently precise to put the 
question concerning the quiescence or motion of the apsides* 
quite beyond a doubt; yet he shews how, by a law of attraction 
differing from’ that of the squaie of the distances, inveisely, a 
movement of those points must necessarily take place : he 
proves also, that the movements would be retrograde if the 
attraction were inversely propoitional to a power of the distance 
less than the square, and duect, if inversely proportional to a 
power greater than the square, and, as an example, he calculates 
that, if the centripetal force were inversely as the power 2 ^ of 
the distance, the revolving body would go through an angle of 36S' 
degrees during the time of a revolution from one extremity of 
the major axis to the same, and, consequently, that this extre- 
mity would advance three degrees during the revolution. His 
inference is, that such would he the result if an external or 
peituibating force should act upon a planet to alter its gravitation 
to the sun, from the general, to that paitieular law. 

To explain the theory of perturbation in a system of three 
bodies, consisting of the sun and two planets of which every one 
attracts the others. Let s [Plate V. fig. 4 ] he the sun ; M the 
disturbed planet, moving, oiigmally, in the elliptical orbit P M A, 
and i?' the disturbing planet, whose orbit is here supposed to be 
on the exterior of the other ; join p' and M, and draw the line 
p' p through s Take M c to represent the sum of the attractions 
of M and p', at the distance p' m, on each other, and resolve it 
into the forces m b and m d, of which the former is equal to the 
sum, and parallel to the directions of the attractions of p' and s 
on each other, then the foice mb, expressing that part of the 
disturbing foice of P' which acts equally, and in paiallcl di- 
rections on M and s, produces no change in the relative positions 
of those two bodies ; m n is, therefore, the only force we have 
to consider, let this force he resolved into the two forces m e 
and M F, of which the former acts m the direction of the radius 
• Prittcip. Lib. I. Prop 45, 
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vector M s, and the other, m that of a tangent to the orbit of m. 
Now, while the force M e tends towards s, it is evident that the 
attraction from m towards s h increased in consequence of the 
disturbing force, but the force m e is nearly in direct proportion 
to the distance m s^, while the attraction of s is inversely pro- 
portional to the square of the same distance: hence the whole 
attraction of s on m is inversely propoitional to a power of s m 
which IS less than the square and, as was said above, the line 
of the apsides of the orbit will be caused to letiograde about s. 
It IS evident that this effect will be the greatest when the planet 
M is nearly in quadrature with respect to 3 and p; that is, at Q 
or Q', where the tangential force m f coinciding with b m, no 
perturbation in that direction takes place. On the other hand, 
when M E IS in an opposite direction to k s, the attractive force 
of s upon M is diminished in consequence of the disturbing force, 
by a quantity which is nearly in direct proportion to ms; or, in 
other words, the attraction from m towaids s is, as far as this 
distributing force is concerned, nearly in inverse proportion to 
the distance M s, while, by the general law of gravitation, it is 
inversely propoitional to the square of that distance ; consequently 
the whole attraction of s on m will, in the present case, be 
inversely proportional to a power of sm which is gi eater than 
the square; and it will follow that the line of the apsides will 
move m direct order about s , the effect will be the greatest when 
the planet m is in conjunction with, or in opposition to P', at 
which times the tangential foice mf vanishes. 

It is a consequence of this variation in the attraction of s upon 
M that the orbit of this planet is rendered more or less eccentric 
according to the position of the line a p, of the apsides, with re- 
spect to the line p' s ; when the former is in coincidence, or 
nearly so, with the latter or, as it is said, when the hne of ap- 
sides IS in, or about the syzygy, the eccentricity is increased , 
and a contrary effect takes place when the line of apsides is m, 
or nearly in quadrature, that is, at right an^es to p' s! It is ex- 
plained by Newton ^ that, in the first case, the planet M, in 
passing from the aphelion, towards the perihelion point, being 
disturbed by a perpetual accession of new forces tending to s, 
* Prmcip. Lxb. T. Piop 66, coi 7» ** 9. 
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will approach constantly nearer to the latter body than if it de- 
scribed the simple undisturbed elliptical orbit, till it arrives at 
the penhehon ; aftei which, in returning towards the higher 
apsis, the diminution of the distuibmg force being in a higher 
ratio than its previous augmentation, the planet, till it arrives 
at the aphelion, is carried continually further from s, than if it 
had moved m an elliptical orbit, and thus, the sun still occu- 
pying one of the’ foci, the orbit is rendered more eccentiic, the 
effect is evidently the greatest when the apsides are exactly m 
syzygy In the second case, the accession of new forces acting 
on M will, for the same reason as before, elongate the orbit in 
the direction of the line pp' , and, consequently, will dimmish 
the major axis and the eccentricity , the effect being the great- 
est when the apsides are exactly in quadrature. 

In the tenth corollary to the proposition last quoted Nevrton 
shews that if the plane of the orbit of M be inclined to some 
other plane, as that of the ecliptic, which intersects it in a 
line passmg through s , the force which represents the attrac- 
tion of p' upon M being decomposed into two forces, of which 
one is in the plane of the ecliptic and the other perpendicular 
to it, the latter foice, except when the lines of nodes is coinci- 
dent with p' P, will, by acting on M, have the effect of drawing 
the oibit of this planet towards the plane of the ecliptic, so that the 
inclination of the two planes and, consequently, the latitude of 
the planet will undergo variations independent of those which 
would be experienced in an undistuibed elliptical orbit, and 
the effect of this attraction wiU, of coxnse, be the greatest when 
the nodes are in quadrature. When the planet M is in either node 
and, also, when at 90 degrees from thence, it is evident that the 
attraction of p' will have no effect in changing the places of the 
nodes ; but, m every other position of the planet, the decomposed 
part of the attraction of P', which is perpendicular to the eclip- 
tic, together with the force which causes the planet’s motion in 
the orbit, produce a force, oblique to the plane of the ecliptic, 
by which the direction of the planet’s path is changed, and made 
to intersect the ecliptic in various places and at various incli- 
nations accoidmg to the intensities of the acting foices; so that 
both the original inclination is perpetually changing and the 
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nodes aie made to move unequally on tlie ecliptic, inretiograde 
Older; and Newton observes^ that, since tlie nodes axe either 
stationary or moving, thus, tn anlecedenUa^ upon the whole, in 
each revolution about the sun, they are made to retrograde, 
with respect to the places of the fixed stars He adds^, that 
if P' be very lemote, when its place is compared with those 
of the other two bodies, the mean motion of the aphelion will 
be nearly in a constant latio to the mean motion of the nodes , 
both being directly piopoitional to the peuodical time of the re- 
volution of M about s, and inveisely propoitional to the square 
of the peuodical time of the revolution of P' about s. 

The perlurbating force exercised by an inferior, on a superioi 
planet produces effects similar in hind but, geneially, contiary 
ill diiection, to that exercised by a superior on an infcrioi 
planet; and the circumstances above exhibited will apply to the 
disturbing force exercised by the sun on the moon, if wc sup- 
pose the foimer to be represented by p' ; the latter, by M, and 
if s represent the earth 

If the moon’s orbit were undisturbed, the equation of the 
centre, which depends on the angle at the moon, subtended by 
the eccentricity of the orbit, or by the distance of its centre 
from one of the foci, would be always the same when the ano- 
maly, or distance of the moon from cither apsis, is the same. 
But, as we have seen that the peitnrbating force in M s, the 
radius vcctoi, increases the eccentricity of the orbit when the 
moon and the line of the apsides is in or near the syzygies, and 
diminishes it when the moon and the line of the apsides is in or 
near the quadratuies , and, as the moon’s gravity to the earth is 
always augmented when she is m quadiatuio and diminished 
when in syzygy by the action of the same distuibing foice, it 
follows that, when the apsides are m syzygy and the moon in 
quadrature, the augmentation of the eccentricity is the greatest ; 
and, when the apsides are in quadiature and the moon in syzygy, 
the diminution of the cccentiicity is, also, the greatest : again, 
the equation of the centre augmenting and diminishing with the 
cccentiicity, its maximum and minimum state will coincide, 
icspcctively, with the two last mentioned situations of the moon 
* Piinup Lib. I. Prop 00. coi, 11. ^ Ibid, coi 10. 
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and the line of her apsides ; and its mean state, with the two 
former. Now the ancients, previously to the time of Ptolemy, 
deternnned the equation of the centre by means of the eclipses 
of the sun and moon , that is, for times when the moon was in 
the syzygies ; and, according to Hipparchus, when the apsides, 
also, were so situated, the equation was equal to 6® 20', hut, 
when m quadiature, to five degrees only. Ptolemy, on the other 
hand, observing the moon when in quadrature, found that if the 
apsides, also, were in quadrature, the equation was 6 ^ 20' , and, 
if in syzygy, it amounted to 7° 40', The difference, therefore, 
between the mean state and either of the extremes, which is 
equal to 20', he denominated the second lunai inequality; 
and this is the equation which was, subsequently, designated 
the evection, and whose physical cause has been above explain- 
ed. The evection vanishes when the moon is m syzygy, and 
then, the equation of the centre coincides with that determined 
by Hipparchus ; but, whether the apsides be in syzygy or qua- 
drature, if the moon be in the latter position, the evection is a 
maximum for, then, the equation of the centre differs by 
about 1*^ 20' from the values assigned to it by that ancient 
astronomer. 

It is remarkable that Newton does not enter into any compu- 
tation concerning the effects of the perturbation last mentioned; 
he merely shews ^ the proportion which the chsturbmg force of 
the sun, in the direction of the radius vector, bears to gravity ; 
and he, probably, considered that the particular values might be 
easily deduced from what he had said m the sixty-sixth propo- 
sition of his First Book. But that inequahty of the moon^s 
motion which is called her variation, and which was discovered 
by Tycho Biahe, is shewn, in the twenty-sixtli and twenty-ninth 
propositions of the third book, to depend upon that decomposed 
part of the sun’s attraction of the moon which acts in the direc- 
tion of a tangent to her path about the earth, as above explained, 
this force alternately accelerates and retards the movement of 
the moon m the different quadrants of her orbit, and is reduced 
to nothing in the conjunctions and oppositions because, then, 
the whole attraction of the sun acts in the radius vector ; it is, 
* Princip, liib. IIL Prop. 25 
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also, nothing in the quadratures, since, there, the tangential 
force is equal to the attraction exercised on the earth, by the 
sun ; in consequence of which no change, on this account, tahes 
place in the moon’s motion relatively to that of the earth ; but 
its effects aie the greatest when the moon is in the octants, or at 
45 degrees from the points of syzygy and quadrature, in which 
situations it amounts to 85' 42 ' nearly. Newton mates it equal 
to 35' 10", but he supposes the earth to be in the centre of the 
moon’s elliptical orbit, and he has neglected the difference arismg 
from the ellipticily of the oibit of the earth. 

A fourth inequality of the moon’s motion, which was disco- 
vered by Kepler, and is called her annual equation, is shewn by 
Newton, m the scholium to the thirty-fifth proposition of the 
third book, to arise from the variations in the dimensions of the 
moon’s orbit, caused by the different degrees of attiaction ex- 
eicised by the sun on the earth in different seasons when, 
from the elhpticity of the orbit, the earth is at different dis- 
tances from him. Thus, at the time the earth is in perihelio, 
and the moon in syzygy, the increased attraction of the sun 
causes a corresponding increase in the length of the major axis 
of the moon’s orbit ; and, in the aphelion, a contrary effect takes 
place by the diminished attraction , but the moon moves slower 
when her orbit is expanded, and faster when contracted ; and, 
for the moon’s movement in longitude, he makes the amount of 
the equation, when a maximum, equal to 11' 50" : at present, 
astronomers make it something less. 

These four inequalities of the moon’s motion are all that were 
discovered by observation, but the theory of gravitation has 
made us acquainted with twenty-eight others, which probably 
never would have been, without it, distinguished from each other; 
of these Newton mentions. one which he denominates the semi- 
annual equation, and which he shews to arise from the different 
positions assumed by the kne of the moon’s nodes; when this 
line passes through the sun, the whole attraction .of the latter is, 
evidently, exerted in the plane of the ecliptic ; but, in propor- 
tion as it deviates from that position, the attraction is diminished 
by the obliquity of its hne of action to that plane ; and, thus, 
variations take place in the moon’s movement : the inequality 
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is a maximum when the nodes are in the octants with respect to 
the sun, and then, according to Newton, it amounts to 47 se- 
conds , it IS now made equal to about 60 seconds, and vanishes 
twice in a year, at the times when the nodes are in conjunction 
with the sun. 

The cause of the retrograde movement of the nodes of any 
planet’s orbit is explained, as we have said, in the first book of 
the Prmcipia; and Newton computes^, from the theory there exhi- 
bited, that the mean annual motion of the moon’s nodes, pro- 
duced by the sun’s attraction, is equal to about 19^ 18'. Ho 
does not enter into any investigation concerning the amount of 
the progression of the moon’s apogeum, but he asserts and 
probably, by observations made in his time it had been found, 
that it was equal to about thiee degiees in each i evolution of , the 
moon. The cause of the piogiession of the apsides of any orbit 
is shewn in the proposition last quoted ; and it is observed ^ 
that the variations in the degree of solar attraction will pioduce 
correspondmg variations in the movements both of the apsides 
and nodes. 

The particles of matter composing the earth being endow’'ed 
with attractive qualities it is evident that, if the earth had no 
movement of rotation, those particles would arrange themselves 
uniformly about the centre of the mass, which would, then, as- 
sume the figure of a perfect sphere ; but, in consequence of that 
rotation on its axis, the particles acquire a centnfiigal force 
which IS so much the greater in each, as tlie particle is more 
distant from the axis of revolution ; hence, the matter about the 
equatorial regions was compelled to recede from the centre till 
an equilibrium took place between the attractive and centri- 
fugal forces, and the matter about the poles subsiding towards 
the centre to supply the deficiency there, it followed that the 
equatorial, exceeded the polar diameter in length, and the earth 
assumed the form of an oblate spheroid 

In investigating the figure of the earth, Newton supposes that 
the latter was ongmally a fluid mass revolving on its axis ; that 
its particles mutually attract each other, and that every part of 

* Pnncip. Lib III Pi op. 31, 32. *’ Ibid Lib. 1. Prop 45, coi. 2. 

' Ibid. Lib. III. Prop. 36. schol. ^ Ibid. Lib; III. Prop. 18. 
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the surface is in equilibrio between the gravitating and centn- 
fugal foices , and he concludes"* that the ratio of the polar, to 
the equatoiial diameter is as 229 to 230 . he shews, also, that the 
forces of gravity at the poles and at the equator are inversely 
propoitional to the lengths of those diameters , and that, in 
proceeding towards the equatorial regions, the diminution of 
intensity is proportional to the square of the sine of the latitude 
The hypothesis of Newton was, immediately aftciwaid, modified 
by Huygens, who, assuming that the eaitli is a sphcioid com- 
posed of infinitely thin sbata dimimshing in density from the 
centie to the suiface, and infinitely great at the centre itself , 
and, also, considering that each particle tends towards the centre 
of gravity of the ten-estrial mass, with a force inversely propor- 
tional to the square of its distance from that point, obtained a 
value of the compression which La Place considers as exceed- 
ing the tiue value, while that found from the preceding hypo- 
thesis falls short of it Now it is shewn by Newton that the 
attractive influence of a body, exerted obliquely upon the an- 
nular protuberance of another body, whose form is spheroidal 
and which is endowed both witli a rotation on its axis and a le- 
volution about the attraeting body, will produce a variation in 
the obliquity of the axes of the two movements and a retrograde 
movement of the nodes of the protuberance : but the earth’s 
protuberant cquatoi is inclined to the ecliptic, which is the 
plane of the earth’s revolution about the sun, in an angle of 
about degrees ; and, therefore, a decomposed part of the 
solar attraction, acting upon the equatoiial regions of tlie earth 
perpendicularly to the ecliptic, combined with the force with 
which a point on the circumference of the equator revolves 
about the axis of the latter, will, necessarily, pfoduce a con- 
tinual diminution of the obhquity of the ecliptic and a retro- 
gradation of the equinoctial points ; just as the attiaction of the 
sun on the moon, combined with her revolution in her orbit, 
causes a variation in the obliquity of that mbit and a retro- 
gradation of its nodes ■ sujiposing the excess of the terrestrial 
spheioid above the inscribed sphere to surround the equator of 
the sphere like a ring, Newton finds that the amount of the retro- 
* Princip. Lib. III. Prop. 19. ** Ibid. Idb. I. Prop. 66. cor. 20. 
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gradation of the equinoctial points would be, to that of the 
moon’s nodes, in the same proportion that the sidereal day bears 
to the penod of a sidereal revolution of the moon*. He shews, 
however, that this result requiies modification because the ring, 
by adhenng to the teiiestrial sphere, communicates to the latter 
its own retrograde movement, which renders the actual retro- 
gradation of the equinoctial points less than that of the nodes 
of the ring, in the proportion of the mass of the ring to that of 
the earth. 

The action of the moon upon the equatorial regions of the 
earth produces, also, changes m the obliqmty, and a retxograda- 
tion of the equinoctial points ; but the intensity of her attraction 
IS more variable than that of the sun, because the influence of 
the former body can only be directed, in the same manner, to 
the same points of the equator, at the end of every i evolution of 
her nodes. In the proposition above quoted Newton has ex- 
pressed his determination, fiom theory, of the mean annular 
amount of the retrogradation ; of which the part due to the solar 
attraction is stated to he about 9 seconds, and that due to the 
general attraction of the moon, 41 seconds, nearly ; hence the 
whole is made equal to about 50 seconds. From the movement, 
thus explained, of the equinoctial points, arises the observed 
general precession of the stars, whose longitudes are reckoned 
from one of those points, and its amount is nearly the same as 
that which is assigned by Newton. The variations of these at- 
tractions Newton does not consider, but, in the twenty-first pro- 
position, speaking of the solar nutation of the earth’s axis, he 
observes that it must be very small and scarcely perceptible. 

The attractions of the sun and moon are proved, also, to be 
the causes of the tides raised in the ocean, and Newton’s ex- 
planation of these phenomena is contained in the corollaries to 
the sixty-sixth nroposition of his first book. Jn the second, he 
shews that any body revolving originally in a circular and uni- 
form manner about the earth, and disturbed by the attraction of 
the sun^ will have its velocity continually accelerated in its ap- 
proach towards the points of conjunction and opposition with 
the sun, and continually retarded in its approach towards the 
* Princip. Lib. Ill Prop. 39 



XX] 


DEVELOPED BY NEWTON. 


449 


points of quadrature ; and the same thing is shewn % of a img 
of fluid particles surrounding the earth in the plane of the 
equator , such a fluid ring, therefore, representing an ocean so 
situated, it is evident that the velocity of the fluid particles in 
syzygy, being greater than that of the solid matter of the eaith, 
an elevation of the fluid will there tahe place which, conse- 
quently, by the revolution of the earth on its axis, will cause 
two high tides to he raised, at any one place, in the time of a 
diurnal i evolution, by the diminished velocity of the fluid in 
quadrature, theie will, also, be two low tides in the same time. 
Like effects are supposed to bo produced by the attraction of 
the moon on the waters, and, in the twenty-fourth proposition 
of the third book, it is shewn that the tides will be higher than 
ordmaiy when the luminaires are in conjunction and oppo- 
sition , and lower, when one is in quadrature and the other in 
• thus are the spring and neap tides, which occur alter- 
nately twice in each month, accounted foi. Newton shews, » 
also, that the highest waters are continually taking place at two 
opposite points of the earth’s surface which have the moon near 
their zenith or nadir ; hence, when the luminary has consider- 
able declination fiom the equator, it follows, on account of the 
obliquity of the earth’s axis of rotation to the line of the apsides 
of the spheroid formed by the lunar attraction, that the tide 
raised when the luminary is on the meridian of a place, or rather 
when it has recently passed it, is considerably higher, or lower, 
than that which occiiis after twelve hours, at the same jflace. 
He calculates moreover ^ that, in the open seas, the sun’s attrac- 
tion IS sufficient to raise the tides nearly two feet above the 
mean level, and that of the moon, about 9 feet , so tliat, when 
the luminaries act together, their united powers will raise them 
11 feet; but this is independent of the local and other causes 
which may accelerate or retard the flowing of the waters. 

The attraction exercised by the earth on the moon, combined 
with the rotation of the latter on her axis, is shewn to have 
caused a small elongation of the diameter which, when jiro- 
duced, passes through the earth, with a corresponding contrac- 
tion of that diameter of the moon’s equator which is at right 

^ 11)1(1 Lib. HI. Trop 36, 37. 
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angles to the foimer ; and to this is ascribed the constant pre- _ 
sentation of nearly the same face of the moon to the earth , for, 
though foreign perturbations may cause the former of these dia- 
meters to deviate from the line joining the centies of the moon 
and earth, the attraction of the latter will presently bring it back , 
thus, it will be made to oscillate about its mean position within 
certain limits of very small extent; and this tendency of the 
same face of the moon towards the earth causes her, with re- 
spect to any fixed pomt m space, to make one revolution on her 
axis during the period of one revolution in her orbit, about the 
earth : and subseq^uendy to Newton’s time, it has been proved 
that, from the same cause, the nodes of her equator and those of 
her orbit letrogiade with equal velocities 

The latter pait of Newton’s third book contains his theoiy of 
comets . he there shews that they describe about the sun ellip- 
tical curves which, however, do not differ much from parabolas, 
to a certain extent on each side of the peiihehon point ; hence 
he considers that they return, periodically, to the part we occupy 
in the system, and he gives a rule for determining, by. compu- 
tation, the forms of their orbits and the laws of their movements 
in them : for this purpose he proposes * to have three observed 
geocentric places of the comet, with the positions of the earth 
at the times of observation ; and to find, by trial, a parabola, 
having the sun in its focus, and intersecting the three visual rays 
in the dnections of which the comet is seen, in points correspond- 
ing with the heliocentric places which a body should have, at 
the given tunes, when moving in an orbit of that figure. In 
those cometary orbits which have been determined by computa- 
tion, it has been found that the squares of the times of revolu- 
tion are proportional to the cubes of the mean distances , and, 
where the periodical returns of comets have not been observ ed, 
the velocities of those bodies in the peiihehon points of their 
orbits have been found to be, also, in the subtnplicate ratio of 
then peiihehon distances, which Newton has demonstrated to 
be a law of motion m a parabolic curve , hence it follows that 
the comets, as well as the planets, are subject to, and de- 
senbe then orbits in vntue of the sun’s attiactive power. The 
® Prijicip Lil) I IT Prop 41. 
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inequalities of the motions of comets are, however, far more con- 
siderable than those of planets ; for the inequalities are propor- 
tional to the eccentricities, and the eccentiicities of comets are 
very great. 

On the publication of Newton’s worh, though to men of ordi- 
nal y attainments in science, it was a sealed booh, and though it 
appears that only a few of the first mathematicians in Emope 
could, at that time, be said to have understood it, the jealousy 
of this great man’s contemporaries was the cause that many 
efforts were made to detiact from his merit; it W’as particularly 
urged that the principle of gravitation was not his discovery, and 
that it had been clearly announced long before his time ; as if 
the claims of this illustrious philosopher to the gratitude of pos- 
terity was founded only on the knowledge of a power in nature, 
and not on the discovery of the means through which that power 
produces the phenomena of the earth and celestial bodies ; a dis- 
covery which could only have been made by the exertion of a 
transcendent intellect, and which has rendered Newton as much 
superioi to any preceding philosophci as the man who dispenses 
his wealth for the benefit of his species is to one who sulFcis it 
to remain unproductive in his coffers. It is true that Keploi 
supposed the existence of an attractive force m the sun and pla- 
nets, and that he considers it as changing with the variations of 
distance , but he was fai from having any fixed ideas concerning 
the law of the vaiiations, and he speaks as if he thought the 
movements of the planets were the result of intelligences or souls 
inherent in those celestial bodies^ it may, also, be alleged, and 
with gi eater reason, that Galileo and Bullialdus were aware of 
the tine law by which the atti active force diminishes, but, in 
thcii hands, the principle lemained fruitless since they do nbt 
introduce it into any part of the planetary theory The same 
thing must be said of the principles enunciated by Dr. Hook, 
which only shew that the materials for the work had been pre- 
pared by different hands ; the architect was still wanting, and 
Newton was happy in arriving at the critical moment to dosigij 
and raise the edifice. 

The law of attraction which Newton had assumed was not, 
moreover, immediately received by all his contemporaries , and 

*0 G 2 
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those learned men who could not avoid admixing the profundity 
of his genius m deducing the most important phenomena of the 
heavens from a single principle, nor acknowledging that a cen- 
tial attractive force actually resided in the sun , yet felt disposed 
to object to the principle itself, so fai at least as concerned the 
mutual attractions of material bodies, on the ground that it seemed 
to be a return to the doctrine of occult qualities which had been, 
long before, so justly proscribed, and that it was incapable of 
explanation by any known laws of mechanical action , such ob- 
jections, however, fall to the ground when it is considered that 
there is the same evidence for the attraction of gTavitation as for 
those of magnetism and electiicity, whose existence cannot be 
doubted though they are not appiehended by the senses, and 
though no conception can be foimed of thcii mode of action. 
It is, therefore, consistently with sound philosophy that Newton, 
while deducing the figure and movements of the earth and pla- 
nets from the action of gravity, treats the principle as a law of 
nature with whose origin he has no concern, but wjiich, being 
adopted as an hypothesis, is found to satisfy all the known phe- 
nomena of the celestial movements. 

Descartes, as we have seen, had attempted to account foi the 
motions of the planets by supposing them to be earned round 
the sun in vortices , and, in an age when the hypothesis was 
generally received among the learned, it is not suipiising that 
Newton should have thought it necessary to take the trouble of 
refuting it : this he has done in the second book of the Prin- 
cvpia by showing, first, that the molecules of a fluid vortex 
would revolve with such velocities about a central body like the 
sun, whose rotation was the cause of their motion, that the 
pmiodical times of their revolutions would be proportional to 
the squares of their distances from it; whereas the planetary 
bodies, which, as he shews, ought, by being carried round m 
the vortex, to revolve with velocities expressed by that law, 
have, in fact, their periodical times of revolution in the sesqui- 
plicate ratio of their distances, and, m the next place, that 
since the interior molecules of the fluid revolve with the greatest 
velocities, they would press against those towards the exterior ; 

® Corollaries to Prop 52. 
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and the whole being finally dissipated in infinite space, the 
vortex and the movement of the bodies placed in it would, at 
length, cease To these arguments he adds, that the motions 
of comets, taking place fiecly in all dnections, entirely destioy 
the hypothesis. But the desiie to refer the laws of Nature to 
mechanical causes as far as possible was, in those days, stiongly 
felt, and Sir Isaac Newton himself, piobably m compliance 
with the taste of the times, and when not icstiamed within the 
limits pi escribed by geometry, attempts, but in the modest 
form of a quciy, to explain the cause of gravitation by the ex- 
istence of a fluid suriounding the sun, and increasing in density 
as it leccdes fiom that luminary, so that a body placed in the 
fluid would be impelled towaids the sun by the excess of the 
piessure on the exterior, over that on the intciior side‘s. It 
appeals also, that Bernouilli, dissatisfied with the hypotheses 
both of Descartes and Newton, proposed anothei, in which he 
imagined a tonent of fluid mattei to be continually setting in, 
from the extciior of the voitex towaids the centio, and, thcicby 
causing a tendency of all the jilancts towards the sun. With 
respect to that of Newton, it is proved by Mr. Vince, m his 
observations on the hypotheses assumed to account for the 
cause of gravitation^, that it is not possible foi any law of the 
variations in the density of the fluid, in terms of the distance of 
its molecules from the sun, combined with any law of the vari- 
ations in the repulsive force of the molecules of the fluid, to 
satisfy the laws of gravitation : and the same astronomer justly 
observes, that all such hypotheses have difficulties as great as 
those which they are intended to solve; since the nature of the 
rcpcllmg power, by which is constituted the elasticity of the 
fluid, IS as remote fiom our apprehension, and as much requires 
explanation, as that of gravity itself. 

From the wild fancies above hinted at, it is with ploasuie we 
turn to notice some remarks of Newton, in his letters to Dr. 
Bentley, in answer to the cnquiiies made by this distinguished 
scholar concerning that part of the jfliilosophy of Epicurus in 
which It IS assumed, that the earth and celestial bodies formed 
themselves by the condensations of a mattci previously difllised, 
^ Optics, Quoest. 21. Ait. 11. 
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tmifoimly, thioiigh the universe. Newton first shews the ab- 
surdity of supposing that the particles of matter, having a ten- 
dency to unite by a principle similar to that of gravity, could, 
at any time, be uniformly diffused in space , since, from the first 
moment of their existence, the condensation must have commen- 
ced he then observes that, if matter wer.e evenly diffused through 
a finite space, and its particles were endowed with gravity, those 
particles would fall to the middle of the space, and there form 
one spheiical mass ; or, if diffused through infinite space, it 
would form an infinite number of great masses which, if the 
matter w’ere lucid, might constitute suns and stais , and he adds, 
it is inexplicable by natural causes that the matter should so 
separate itself as to form two different hinds of bodies, one lucid 
like the sun, and the other opaque like the planets. Lastly, he 
states that the motions which the planets have could only be 
caused by an intelligent agent* gravity alone, he obseivcs, 
might put the planets m motion m rectilinear directions, but, to 
produce a circular motion about the sun, an independent and 
transverse force is necessary, to which the quantity of matter in 
the levolving body must be duly adjusted. 

It is much to be regretted thatNewlon omitted to exhibit the 
results of his leseaiches in formiilse, and that he chose to de- 
monstrate his propositions in the manner of the ancient geome- 
tricians rather than use the analytic method to which he had, 
then, recently made so important an addition by the discovery 
of the infinitesimal calculus. This has thrown a certain degree 
of obscurity over his reasomngs and as, m a few instances, 
wheie the common geometry failed, he has permitted himself to 
depart from that practice, there has arisen a want of unity m 
his investigations, which detracts materially from the merit of 
his work, in every other respect so truly admirable. It is pos- 
sible that, since the powers of the fluxionary or differential 
methods were, then, far from being completely unfolded , and 
since cavils were, then, often raised against its logical propiiety, 
Newton might, on those accounts, have been induced to prefer 
the ancient processes in his lesearches, and avoid, as much as 
possible, the introduction of an analysis which had not the ad- 
vantage of being sanctioned by general appiobatioii , and which 
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was not, even, generally understood Since the time of our 
gxeat philosopher, this analysis, the discoveiy of which forms 
one of his titles to immortal fame, and which has received so 
many important accessions from the labours of the mathema- 
ticians of the continent, has been extensively applied to the 
subjects he had paitially investigated; and, by its powerful aid, 
general solutions have been obtained, which, being found in 
eveiy case to accord with the results of observation, establish 
the justness of the hypothesis from which they were deiived, and 
determine the Newtonian theory to be the immoveable basis of 
physical astronomy. 
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CHAPTER XXI. 

IMPROVEMENTS IN PRACTICAL ASTRONOMY. 

Imperfection of the ancient astronomical instruments — Methods of finding* 
tlie direction of the meiidian, and the latitude of an obseivatory, — Employ- 
ment of pendulum clocks in astronomical obseivations. — Application of the 
micrometer to telescopes — Transit instruments used in obseivatoiies — 
Manner of deteiminmg the times of the equinoxes and solstices and the 
places of stars — Discovery of the tiansmission of light, m time, thiough 
space — Attempts to find the parallaxes of fixed stais — Discoveiy of the 
aberration of the stars. — Discoveiy of the lunar nutation.— The law oi 
astronomical refraction determined — The parallaxes of the moon and 
^ Mars found by observation — The use of the obseived transits of 
in finding the sun’s paiallax — Invention of the achromatic telescope — Im- 
provements in the instruments used for nautical obseivations Thedunai 

tables improved by Mayer — The mployment of chronometers for finding 
terrestrial longitudes. 

The present adranced state of astronomical science being duo 
as much to the improvements made in the instiuments employed 
for observation as to those in the analysis by which the celestial 
movements are investigated, it will be proper, here, briefly to re- 
capitulate what Jbas been said concerning the ancient instru- 
ments, and shew the nature of those by whicli tliey have been 
superseded. 

The oldest observations were made, as we have stated, with 
the gnomon , by this instrument the days of the equinoxes and 
solstices were observed, and, the direction of the meiidian being 
traced, the time of the sun’s arrival in the plane of that circle, 
his meridional altitude and declination were, also, ascertained ; 
its simplicity, and the opinion that,' by making it of great height, 
proportional accuracy in the observations would be acquired, 
have been the causes that its use was prolonged almost to our 
own times • the last instiument of the kind is tliat which was 
formed, in 1575, by Ignatius Dante in the church of St. Petro- 
nius, at Bologna, and consisted of a meridional line traced on 
the pavement, with an apertme m the wall through which the 
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rays of the sun were transmitted; we have related that, in 1653, 
Cassini restored this line, which, becoming again deianged by 
the sinking of the pavement, was finally retraced by Zanotti in 
the year 1776. 

But the gnomon was nevei capable of being employed to ob- 
tain the diffeiences of longitude, or of right ascension or, in fact, 
to obtain any angulai distances between celestial bodies, when 
they weie not on the meridian w'e have mentioned the equa- 
toiial armillse, the quadrants and paiallactic instruments which, 
instead of it, were used for those purposes by the ancients, and 
it IS worthy of remark that, if we omit those which weie adjusted 
to coincide with the plane of the ecliptic, which have been long 
since laid aside, the others are still retained, but in impioved 
forms, in the modern observatories * our mural quadrants and 
cncles, and zenith sectors still serve, like the meridional aimillm 
of the ancients, to find the polar distances of celestial bodies; 
and our equatorial instruments are used to obtain the right as- 
censions and decimations of such as cannot be observed on the 
meiidian. 

The operations of practical astronomy require that tlio direction 
of the teriestiial meridian should be accurately determined, its 
trace on the ground was, no doubt, at first, obtained by inaikmg 
the extremities of the shadow cast by a gnomon, when they fell 
on the circumfeicnce of a circle described about the foot of the 
gnomon as a centic , but it is probable, also, that very anciently 
the practice had been adopted, of observing the times when tlic 
sun had equal altitudes before and after noon ; those being 
found, and half the interval, corrected on account of the change 
produced m the sun’s hoiaiy angle by the change in his decli- 
nation, being added to the time of the first observation ; there 
was obtained the time of the sun’s arrival on the meridian. The 
middle of the azimuthal angle between the two places of the sun, 
similarly corrected, fixed the position of the moiidian itself: but 
we now correct the position thus obtained by methods which 
will be presently mentioned. The planes of our mural instiu- 
ments arc made to coincide with that of the meridian ; and the 
zenith distances of celestial bodies being observed when they 
aiTivo m this plane, their declinations are immediately found, the 
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latitude of the place being supposed to be known. The meri- 
dional altitudes of the sun on the days of the solstices were long 
employed for finding this last element^ but Tycho Brahe seems 
to have been the fiist astronomer who determined it by the 
altitudes of a ciicumpolar star, taken at tunes when it was on 
the meridian above and below the pole. 

But the circumstance which pimcipally distinguishes the 
modem, from the ancient practice of astronomy is the frequent 
use made of instiuments foi measuring time ; these, by the ap- 
plication of the pendulum, having been, in a recent age, rendered 
capable of marking its subdivisions with very great accuracy. 
The first notice we have concerning the employment of a pen- 
dulum to asceitam small poitions of time is in an account of the 
method by which Mouton, of Lyons, attempted to measure the 
diameter of the sun ; this consisted in counting the number of 
vibrations performed while the disc of the luminary was pass- 
ing over a vertical line situated in the plane of the meridian ; 
the arc of the equator described by the sun, in the time of a 
given number of vibrations, being determined by computing the 
angle at the pole corresponding to that between the veitical 
planes passing through two plumb lines situated near the meri- 
dian, at some distance from the eye, and counting the number 
of vibrations performed while either hmb of the sun, on the day 
of the eqmnox, was moving from one line to the other. Vinde- 
hnus, Kircher and Bicciolus had also made use of pendulums 
for ascertaining the duration of phenomena; but Huygens was 
the fiist to determine what should be their length, that each vi- 
bration might be perfoimed in one second of time : in order to 
mark the number of vibrations made in a given time, he con- 
ceived the idea of applying palettes to the upper extremity of 
the pendulum and causing them to catch in the teeth of a wheel 
which was connected with the machinery of a clock, the move- 
ment of whose index would shew the time, as well as the num- 
ber of vibrations. We have said 'that, in the hope of lendering 
the vibrations isochronous, in great and small arcs, he endea- 
voured to procure a cycloidal movement in the pendulum, 
agreeably to the idea of Galileo, but this having been, since, 
found practically impossible, the effoit was abandoned, and the 
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eiToi arising from the want of that isochronism is rendered in- 
sensible by causing the vibrations to be of small extent, on each 
side of the vertical line passing through the point of suspension 
The expansion and contraction of pendulum rods by changes in 
the temperature of the air were, at fiist, the causes of much 
iiregulaiity in the times of vibration ; but these eriois arc, now, 
very nearly coirected by forming the rod with metals possess- 
ing different degrees of expansibility by heat, and applied in 
such a way that the vaiiations of length take place in contrary 
diiections. 

The invention of telescopes was almost immediately followed 
by their application to the mural quadiants employed in ob- 
servatories, where they superseded the plain sights with which 
those instillments had been before furnished . and an important 
improvement in the practice* of obseiving was, shortly after- 
wmids, made, by adapting to the eye-pieces of telescopes an 
instmment for measuring veiy small angles The invention of 
the miciometer, as the mstiumcnt was called, is usually asciibed 
to Huygens, but the priority of claim to this honour is disputed 
between Gascoigne, in England, and Huygens, Auzout, Picaid 
and Roberval, in France ; and, probably, all these astronomers 
contributed to bring it to a convenient form , it appears that the 
French mathematicians did not use it bcfoie the year 1607, and 
there is evidence that it had boon employed in England in 1640. 
In the oiiginal construction, and the instruments aic still often 
made on the same principle, there wore placed across the eye- 
piece of the telescope a fixed wire, and another which was made 
to move paiallel to it by means of a screw ; and thus the two 
wires could be made to embrace the visible disc of the sun, 
moon or a planet, or the distance between the moon and a star, 
at the time of an appulse, the values of the angular diameters, or 
the small distances of the celestial bodies, being given by a scale 
whose index moved with the wiics. 

In the year 1644, Roomer, a Danish astronomer, introduced 
the method which has ever since inovailcd, of observing the 
light ascensions of celestial bodies, diioctly, by means of what is 
called a transit instrument, that is, a telescope attached to a 
horizontal axis, perpendicular to its length, and moveable 
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only in tlie plane of the meiidian , by which the times of the 
transits, or passages of those bodies over the mciidian, can bo 
observed. The instrument is accompanied by a ])cndulum 
clock, whose index is set to the commencement of the hours on 
the dial-plate at the moment when the vernal equinox is on the 
meridian of the place ; and the observation of the time at which 
the centie of any celestial body coincides with the meridional 
wire, in the axis of the telescope, shews the angular distance of 
the horary circle passing through the body, from the equinoctial 
colure, by the time elapsed since the vernal equinox was on the 
meridian, and, as one hour of sidereal time coiTcsponds to 15 
degrees on the equator, it is evident that, allowance being made 
for the on or of the clock, the light ascension of the celestial 
body IS immediately known. The direction of the meridian 
may have been determined in the manner above mentioned, but 
the use of the transit telescope requires that it should be ascer- 
tained with extreme accuracy, and several methods are em- 
ployed for finding the error, m the position of the telescope, 
with respect to the meridian ; one of these consists in observing, 
with the telescope itself, the tiaiisits of a circumpolar star both 
above and below the pole, and, as the interval between the two 
transits will ho exactly twelve houis of sidereal time, when tlio 
star IS, m both situations, on the plane of the meridian ; the 
excess or defect, if any should be observed, will afford tbc 
means of computing the deviation of the instrument from that 
plane ; a second method, but which is moie dependent on a 
previous knowledge of the star’s place, consists m comparing the 
diffeience between the times of the observed transits of two stars, 
which pass the meridian, respectively, near the zenith and near 
the horizon, with the computed difference of the true right 
ascensions of the same stars ; for these differences will he iden- 
tical when the telescope moves in the plane of the true me- 
ridian. 

The time of the arrival of the vernal equinox on the meridian 
IS known when the absolute light ascension of any one star is 
given , for, by setting the index of the sidereal clock, when the 
star 1 $ on the meridian, to the hour which expi esses that right 
ascension^ the arrival of the index at the commencement of the 
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horns will be simultaneous with that of the equinoctial point, in 
the plane of the meridian : it is necessary, therefore, to ascertain 
the time at which the sun will be m the equinox, and the dif- 
ference between the right ascensions of the sun and star at that 
moment. Now, by means of telescopes, the principal fixed 
stars and some of the planets can be seen in the day time, even 
when they arrive on the meridian nearly at the same time as 
the sun , astronomers are, therefore, at once, enabled to obtain 
the positions of many stars with le.^ipect to the sun by direct 
observation , and, fiom these, the positions of all the other stais 
may, consequently, be determined : thus the intervention of the 
moon or Venus, which was formerly requisite in fixing the 
longitude oi right ascension of any stai, and which was, at best, 
an uncertain piocess, is entirely superseded, it only remains, 
therefore, to shew m what manner the distance of the sun from 
the equinoctial point is now ascertained. 

Foi this pm pose, and Flamstead was the first to put the method 
in practice, the meiidional altitudes of the sun arc, daily, tahen, 
foi a few days before and after that of the equinox, from whence 
arc determined his corresponding distances fiom the equatoi, 
and his daily or hourly motion m decimation. On the same 
days, the differences in right ascension, of the sun and of a star 
which anives on the meridian nearly at the same time, arc also 
to be observed by the tiansit instrument, and the daily or houily 
motion of the sun in light ascension, thence, computed; the 
place of the star being supposed to be fixed in the heavens, or 
the changes to which it is subject being estimated from the 
existing tables. Then, as, during short portions of time, the 
sun’s movements in right ascension and declination may be con- 
sidered uniform, we shall have, by proportion, the distance of 
the sun from the equinoctial point at the time corresponding 
to that of any of the observed declinations , or, if the obliquity 
of the ecliptic be taken from the existing tables we can, from 
the daily declinations, compute by sphencal trigonometiy, the 
like distances of the sun from the equinox : the daily move- 
ments of the sun in right ascension will give the time of his ar- 
rival at the equinox? and the daily diffeicnce of the sun’s and 
star’s right ascensions determine, for each day, the distance of 
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the star from that point; and a mean, both of the times and dis- 
tances, for all the observations, will give the moment of the 
sun’s ariival m the plane of the equator, and the place of the 
equinox, by its distance from the stai, with great concctncss. In 
a similai manner, the moment of the sun’s ai rival at cithci sol- 
stice, and the obliquity of the ecliptic to the equator, can be 
computed. 

The light ascension and declination of a celestial body are the 
two essential elements for fixing the position of the body in the 
heavens; and from them, the longitudes^ and latitudes maybe 
deduced by computation, aftei correction for the various causes 
of error to which all observations are subject * tlic method of ob- 
serving by the transit telescope and mural instrument is, un- 
doubtedly, that which is most easily practised and is, at the 
same time, the most accurate, since the veiifications of the in- 
struments can be made with the greatest certainty , on tliesc ac- 
counts it is now universally adopted in fixed observatories. 

A knowledge of the causes of the errors affecting the appa- 
rent places of celestial bodies was unfolded in proportion as 
instruments weie rendeied capable of giving those places with 
precision and repeated observations afibided the means oi' in- 
vestigating formulae by which the eiTOis might be computed 
and reduced to tables, for the convenience of readily taking 
out the corrections necessary to obtain the time places, from 
those which were given, directly, by the instiuracnts. It had 
been suspected by Galileo that light docs not pass instan- 
taneously fi-om the celestial bodies to the earth ; but, in 1675, 
M. Roemer, whom we have before mentioned, found, from tbe 
obseived times of the immersions and emersions of Jupiter’s 
satellites compared with the times given by calculation from the 
laws of theii movements, that the phenomena were accelerated 
or retarded by some cause which seemed to depend upon ilie 
variations in the distance of Jupiter from the caith; and this 
circumstance led him to conceive that the differences might 
arise from the unequal times in which light is transmitted fiom 
that planet to the eye of the ohseiver ; comparing, therefore, 
those differences with the coirespondmg distances of Jupitci, he 
calculated that a particle of light would pass through a space 
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equal to the diameter of the earth’s orbit in about 11 minutes ; 
subsequent comparisons of the observed and calculated times 
of other phenomena have proved the justice of the opinion, but 
it IS now found that 8' 7".5 are required for the passage of light 
from the sun to the earth , and the velocity of light, hence dc- 
teimmed, enters into the leduction of all observations relating 
to the planetary phenomena 

The annual pai allaxes of the planets, or the differences be- 
tween the places they appear to occupy in the heavens when 
seen from the earth, and those to which they would be referied 
if seen from the sun, had long been hnown ; and it was natural 
that efforts should be made to asceitam whether any such 
change of place was discoverable in the fixed stars these efforts 
have not indeed, to the present day, been successful ; but, as 
those who dig for hidden treasures, if they do not find the im- 
mediate object of their search, at least derive benefit from the 
increased fertility they induce in the soil, so the observations in- 
stituted to find the paiallax of the stars were pioductivc of two 
impoitant discovciies of anothei land. Between the years 1060 
and 1670 Picard had found, from many observations, that the 
star at the extremity of Ursa Mmoi, though it continually ap- 
proached the pole by about 20 seconds annually, m consequence of 
the general precession of the equinoxes, yet sufifered other changes 
in its distance fiom thence, being, m spring and autumn, farther 
from the pole by seveial seconds than, according to the law of 
the precession, it ought to be ; at the end of the year he found 
these vaiiations compensated and, m the next, they ro-occurred 
in the same order as befoie Similar variations of place were 
observed by Hooh and Flamstead in several other stars, but it 
was presently perceived that these took place in directions con- 
trary to those of the variations which would have resulted from 
the effects of paiallax, and no solution could then be found, of 
the phenomena. 

At length, in 1725, Molyneux and Bradley commenced a 
series of observations, with a zenith sector whoso radius wm 
24 feet, on the star y Draconis, which, passing the meridian 
nearly in the zenith of Kew, the place of observation, was, 
therefore, but little affected by refraction, the irregulariiic^s of 
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which, might have been supposed to be wholly or partly, the 
cause of the variations observed in the star’s place. The de- 
tails of these observations are contained in the Philosophical 
Tiansactions foi 1728 , and from them it appeals that the first 
observation was made in November 1725 . the apparent place 
of the star m dechnation being then legistered, Di. Bradley re- 
peated the observations at intervals, and found that the star con- 
stantly deviated towards the south, till, in the month of March, 
following. It was 20 seconds from its former place, and then it 
seemed to have attained its maximum of distance in that direc- 
tion; for, fiom that time, it returned towards the north, and, 
in the month of June, its dechnation was nearly the same as 
when it was fiist observed : in the following three months, it 
deviated northwards from its first place as far as it had before 
deviated southward, and, at the end of a year from the com- 
mencement of the observations, its declination was again the 
same as at first. Similar deviations m nght ascension were, sub- 
sequently, observed, and thus the star appeared to describe in 
the heavens, a small circle, annually, about its mean place. The 
regularity of the phenomena excluded the possibility that they 
could be caused by any errors in the position of the instrument; 
and Biadley, at first, thought they might be produced by that 
solar nutation which had been mentioned by Newton, but, on 
calculating its effects, they were found too small to account 
for the variations actually discovered ; and finally, his investiga- 
tions terminated in the discovery that the apparent variations of 
position were caused by the movement of light combined with 
that of the earth in its orbit, in a way which may be thus ex- 
plained. 

If the earth were at rest, and light from any star wei*e trans- 
mitted instantaneously to the observer, it is evident that, on di- 
recting a telescope to the tme place of a star, the latter would 
become immediately visible. But, if we suppose the earth to be 
in motion and light to be transmitted, in time, from one part of 
space to another, it would follow that, on directing the telescope 
to the true place of the star, the movement of the telescope 
would cause a particle of light from thence, m its passage down 
the tube, to strike against the interior surface of the latter, and. 
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as it could not then enter the eye of the observer, the star would 
be invisible. If, however, we suppose the telescope to be situ- 
ated in a plane passing through the star and a tangent to the 
earth’s orbit , and to be in a certain position between a line 
joining the earth and star and that part of the tangent which 
lies in the direction of the earth’s motion ; and, to avoid too 
great complexity, let us leave out the elFect of the eaith’s rota- 
tion on its axis, by supposing the observations to be made when 
the star arrives on the meridian, then it may be conceived that 
a particle of light from the star, having arrived at the object 
glass, on continuing its motion from thence towards the earth, 
may, m consequence of the movement imparted to the telescope 
by that of the earth in its orbit, be constantly in the axis of the 
telescope till it arrives at the eye of the observer, and thus the 
pencil of rays falling upon the object glass, along with the above 
mentioned particle, will render the star visible : but the ob- 
servei who determines the place of a celestial body by the di- 
rection of his telescope will, of course on that account, assign 
to the star a position which, when the cause of the error is un- 
derstood, wiU be found to be in advance of its true place , and 
the deviation of the apparent, from the true place will, evidently, 
depend upon the proportion between the velocity of light and 
that of the earth. 

As this deviation may be observed every time that the star 
arrives at the meridian of the place of observation, it is clear 
that, dunng one year, any star will appear to describe a circle, 
or rather an ellipse, in the heavens, parallel, and similar to the 
earth’s orbit 5 but the apparent magnitude of the ellipse will 
depend on the above mentioned velocities and upon the position 
of the star with respect to the ecliptic ; and, both by observa- 
tion and calculation, it is found that the semi-axis major, when 
a maximum ^ that is when the star is in the pole of the ecliptic, 
subtends at the earth an angle of about seconds ; and this 
is the greatest difference, on account of the aberration, as it is 
called, of light, between the apparent and true places of a star. 
Hitherto we have been able to give no direct evidence of the 
movement of the earth, but this phenomenon bemg capable of 
an accurate explanation by supposing that movement, we are 
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bound, from thence, to consider the fact of the earth’s motion as 
completely established 

But Dr. Bradley continuing his observations on y Draconis 
and other stars, in order to verify his theory of abei ration, was 
so fortunate as to discover anew variation of their motion, which 
he found to depend on the place of the moon’s node . for, from 
the year 1727 to 1736 he perceived that those stais, when near 
the colures, constantly approached the pole ; the greatest dif- 
ference between the observed places and those which would 
result from the general precession being about 9 or 10 seconds. 
The observations were afterwards continued till 1745, and, 
during the latter interval, the same stais appeared to recede from 
the pole by the same degrees as they approached it, and to an 
equal extent. Corresponding inequalities being observed in the 
right ascensions of the stars. Dr. Bradley found that the phe- 
nomenon might be represented by supposing the pole of the 
earth to make a revolution in the heavens about its mean place 
in the circle of precession, to which it returned at intervals of 
eighteen years. He, at first, thought the revolution was per- 
formed in a small circle, but more accurate observations shewed 
that the pole desenbed an ellipse whose axes were equal to 
19 seconds and 14 seconds, lespectively. 

This inequality was immediately perceived by Bradley, (and 
that astronomer published an account of his theory in the Phi- 
losophical Transactions of 1748,) to be caused by the action of 
the sun and moon, and, it may be added, of the planets, on the 
equatorial regions of the earth. The effect above described is, 
evidently, only that part of the whole variation, which depends 
on the attraction exercised by the moon, since its restitution 
takes place in the period of a revolution of her nodes, by which 
she is repeatedly brought to the same situation with respect to 
the earth’s equator ; and it is evident that the variations of her 
attractive force must, necessarily, produce corresponding oscilla- 
tions in the position of the equator, alternately increasing and 
diminishmg its obliquity to the echptic, and causmg the equi- 
noctial points to advance and retrograde, within small hmits, 
about the points to which they would arrive in consequence of 
the general precession. The apparent oscillatory movement of 
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the pole of the earth, in declination, is the cause that the 
phenomenon received the expressive name of nutation; and the 
part of il* which depends upon the attraction of the sun on the 
equator was, afterwards, distinguished from that which is de- 
pendent on the moon, but its amount is small and its restitution 
takes place yearly. 

The discovery of aberration and nutation entirely delivered 
the fixed stars from the errors to which the observations made 
on them weie, previously, subject, except such as depend on 
the proper movements of the stars themselves : these are for- 
tunately very small, but, to reduce the cause of them to a 
system, will probably require the assiduous attention of astrono- 
mers for many ages to come. 

The ancient philosophers, in their physical theories of astro- 
nomical refraction, seem to have supposed the atmosphere to be 
of uniform density ; and though some notice is found, in the 
works of Alhazen, of the augmentation produced in the density 
of the air near the earth by the pressure of that above, yet it 
does not appear that any enquiry was made concerning the 
nature of the path described by a particle of light, m the atmo- 
sphere, till the seventeenth century; when the successive 
refractions in the different strata through which the light passed 
were supposed to cause each particle to move in the penphery 
of a conic section. Astronomers, however, at present, consider 
a paiticle of light, on entering each of the different strata, into 
which they imagine the atmosphere to be divided, from the 
surface of the earth upwaid, to be attracted from its previous 
course by a force proportional to the density of the stratum ; 
and their conclusion is that the whole refraction, which had 
formerly been supposed proportional to the tangent of the zenith 
distance of the celestial body, simply, is proportional to that 
term lessened by about three times the value of the refraction 
itself. 

The different temperatures of the air in different climates of 
the earth, which must necessarily produce corresponding varia- 
tions in the density of the lower strata of the atmosphere, 
naturally induced an opinion that the value of the honzontal 
refraction was different, in different regions ; and this seemed to 
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be confirmed by the observations of Richter, which indicated 
that the refraction at Cayenne was less than in the latitude of 
Paris. The long duration of twulight m the northern regions, 
has always been considered as a proof that the refractions are 
much greater there than in the temperate zone ; and the same 
conclusion is drawn from the duect observations made by the 
Swedish mathematicians, according to which the horizontal 
refraction at Tomeo is equal to above 52 minutes, while, m 
England and France, it does not exceed thirty-three minutes. 
The diminution of the refraction in the torrid zone is, however, 
rendered doubtful by the observations of Borda and Dr. Mas- 
kelyne, which seem to shew that, at equal altitudes, there is no 
sensible difference between the refractions in the West Indies 
and in this part of the world. 

Besides the derangement produced in the places of all the 
celestial bodies by the curvature of the rays of light in the 
atmosphere, the situation of the observer is the cause of a dif- 
ference between the apparent, and that which is considered as 
the true or geocentric place of the sun, moon or a planet; for 
the latter place, which is given by astronomical tables, bein'g 
necessarily that to which the observed body would be referred 
by a spectator at the centre of the earth, cannot agree with the 
former, which is determined by observations made on the sur- 
face, except when the celestial body is in the zenith of the 
observer: the difference between the apparent and geocentric 
places is called the diurnal parallax, and, till the value of that 
'^hich relates to the sun could be ascertained, it is evident that 
the absolute distances of the earth and planets from that 
luminary would be very imperfectly estimated. Of all the bodies 
in the solar system, the moon, however^ bemg that which is 
nearest to us, is, on that account, the most affected by the above 
cause of error, and permits the value of the element to be de- 
termmed with the most facihty and precision. From the 
importance, therefore, of the lunar parallax m practical astro- 
nomy, considerable efforts have been made to obtain it by 
d^ect observations ; biit those which are considered as affording 
fjie most satisfactory results were made in the time of Bradley 
and La CaiUe, when the latter, at the Cape of Good Hope, and 



XXI.] 


PBACTICAL ASTKONOMY. 


409 


the former, in conjunction with other astronomers, in the prin- 
cipal observatories of Europe, made, by previous agreement, 
corresponding observations on the moon at the same instant of 
time. These observations were simply, zenith distances of the 
moon, taken when she was on the meiidian of each place re- 
spectively, and, afterwards, reduced to one common meridian ; 
and as, in the northern and southern hemispheres, they are 
affected in opposite directions by the parallax, it was easy to 
determine this element ftom the observations • the horizontal 
parallax of the moon, for Paris, was, thus, found to be 57' 39", 
and that at the equator, ftom the spheroidal figure of the earth, 
was, ftom thence, by computation, found to be 57' 11".4, at the 
mean distance of the moon ftom the earth ; and consequently, 
that mean distance may be considered equal to 60.1054 semi- 
diameters of the latter The horizontal parallax bemg known, 
the parallax corresponding to any given altitude of the moon 
can be easily found. About the same time the moon’s parallax 
was determined by computing the versed sine of the arc she 
describes in one second of time, ftom the proportion it bears to 
the assumed distance of the moon ftom the earth, and by com- 
paring it with the space which a body, in the same time, describes, 
by gravity, near the latter., the spaces descended by tlie moon and 
any body near the earth being inversely as the squares of their 
distances ftom the centre of the earth, the ratio between the 
semidiameter of the latter and the distance of the moon, becomes 
known; and, hence was obtained the equatorial horizontal 
parallax, which was found to be 57' 12".34, when the moon was 
at the mean distance, and which agrees very nearly with the 
value found by observation. 

By a process similar to that which has been above mentioned, 
La Caille at the Cape of Good Hope, and Wargentin at Stock- 
holm, places which have nearly the same longitude, obtained, 
in 1751, ftom the simultaneously observed zenith distances of 
Mars, and his distance from a given fixed star, the hoiizontal 
parallax of the planet, when in opposition, and found it equal to 
22". 9. Such a process, however, is quite inapplicable to the 
determination oi the parallaxes of the sun and of the other su- 
perior planets ; the smallness of that element rendering it inse- 
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parable from the errors of the obseiTations : but it had been, 
previously, proposed to ascertain the diurnal parallax of the sun 
indirectly, from the transits, which occasionally occur, of the 
two inferior planets over that luminary ; and Venus, being that 
which, at her inferior conjunction, is the nearest to the earth, 
was particularly proposed as the most convenient for this im- 
portant purpose. 

The transits of Mercury frequently occur ; the first of which 
any account has been given was observed by Gassendi in 1631; 
and it is due to the memory of Shaherlaus to record that, from 
his attachment to astronomy, he made a voyage, in 1651, to 
Surat purposely to see one there, which was invisible in Eu- 
rope, and that he lost his life in Persia on his return. Dr. 
Halley, in his voyage to make observations in the southern he- 
misphere, also obtained, at St. Helena, a complete view of the 
transit of Mercuiy in 1677 ; and it was while employed in this 
service that he proposed the two transits which were to occur 
in 1761 and 1769, to be observed, for the purpose of ascertain- 
ing the sun’s parallax and his distance from the earth ; both of 
which elements would thereby, he expected, be deteimined ex- 
tremely near the truth. 

We have mentioned the transit of Venus observed by Horrox 
and Crabtree, in 1639 , but the circumstances attending the ob- 
servation were too unfavourable to allow the computations 
founded on it to be entirely depended on ; the transit of 1761, 
though diligently observed in various parts of the world, also 
failed from the want of harmony between the several results ob- 
tained from it, but that of 1769 was more fortunate; since the 
observations, when reduced, gave, for the sun’s parallax, values 
between the limits of 8". 5 and 8". 8 ; which, however, do not 
differ much from that obtained by Mr. Short, from his observa- 
tions of 1761 The last of the two limits, which was deter- 
mined by Dr. Maskelyne, is by Delambre considered rather too 
great, but it is admitted that the error is probably less than a 
quarter of a second. 

The data to be obtained from the observations of the transit 
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over the sun’s disc were the times of the immersion and emer- 
sion of the planet ; hut these were to be observied at two or 
more places on the earth’s surface, where the duration of the 
transit would be the most lengthened and the most shortened, 
respectively, by the effects of parallax ; and, that these condi- 
tions might be fulfilled, the places chosen were, besides the sites 
of the piincipal observatories m England and on the continent, 
Lapland and Kamtehatka, in the north; St. Helena, the Cape 
of Good Hope and the Society’s Islands, in the south, and 
India, near the equator; and to these, astionomers were sent 
by the different sovereigns of Europe, who honourably joined 
in patronising a work which was justly considered as of high 
importance to the interests of science. 

To give a brief indication of the nature of the problem for 
finding the sun’s parallax from the transit of Venus, we may 
state that, if the contact of the planet with the extenor or in- 
terior edge of the sun’s disc were observed, the sum or differ- 
ence of the semi-diameters of the sun and planet, taken from 
the tables, might be considered as the hypotenuse of a right 
angled plane triangle whose two sides are, respectively, the dif- 
ference of longitude and difference of latitude of those celestial 
bodies, (these differences being first computed from tables, for 
the time of observation, as if seen from the centre of the earth, 
and reduced to the values they should have when seen from the 
surface by applying the algebraic expressions for the unknown 
difference between the parallaxes,) then, making the sum of the 
squai'es of these sides equal to the square of the hypotenuse, the 
equation thence resulting will serve to determine the said differ- 
ence of the parallaxes. But, the relative distances of the sun 
and Venus from the earth being already known, the ratio of 
their parallaxes is known; since the parallaxes arc inversely 
proportional to the distances , and the separate values of two 
quantities can be found when we know their differences and the 
ratio between them : thus the parallaxes of both the sun and 
Venus were obtained. The computed longitudes, latitudes and 
semi-diameters of the two bodies being, however, affected by 
the unknown enors of the tables as well as by the paiallaxcs, 
it became necessaiy that several observations should be made in 
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order tbat there might be obtained a sujEcient number of equa- 
tions to determine all the unknown quantities: and, from the 
above named value of the sun’s parallax, 8". 8, the distance of 
the sun from the earth is found to be equal to 23465 semi-dia- 
meters of the latter. 

The eighteenth century is become celebrated, also, for the im- 
provements made in telescopes and in the instruments employed 
fox the purposes of nautical astronomy. Tlie field of view, in 
the telescopes which had been in use before the middle of the 
century, was unavoidably small, and the illumination of the 
object consequently feeble, on account of the apparent distortion 
of the image, and the coloured frmges with which it was sur- 
rounded, when 1:he aperture of the instrument was extensive 
enough to allow the admission of as much light as would render 
the object sufficiently brilliant; but, in 1757, Mr. DoUond, 
guided by the theories of Euler and Clairaut and by his own 
experiments on lenses forined of glass possessing different de- 
grees of refractive power, invented, or at least made pubhc, a 
construction in which the chromatic aberration, as it was 
called, was almost wholly removed, and the spherical aberration 
matenally dimmished. These ends were gained by forming a 
compound object glass consisting of a convex and concave lens 
having different degrees of dispersive power with respect to rays 
of the different colours, these being separated from each other 
in their passage through the glasses, whose surfaces act upon 
the light like those of a prism ; in such compound lens, by a 
proper adaptation of the focal lengths of the two glasses, the 
rays of the different colours could be made to unite nearly in 
the place where the image is formed ; and thus the latter was 
rendered sufficiently free from the colours with which, in the old 
construction, it was embarrassed. By a just adaptation of the 
curvature of the surfaces of the object glasses, and by dividing 
the whole refraction of the hght coming from the image m 
the focus, among the four different eye-glasses of the telescope, 
the distortion of the image was also, nearly, corrected : and thus 
greater magmfying power and perfection of vision was ob- 
tained. 

Ftom that time scarcely any improvement can be said to have 
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been made in what are called, from the absence of the prismatic 
colours, achromatic telescopes ; but the telescopes formed with 
metallic specula have undergone several changes, and the instru- 
ments of this kind, constructed by the late Sir William Herschell, 
far exceeding in magnifying power any of those formed wholly 
witli glass lenses, have contributed materially to increase our 
knowledge of the constitution of the heavenly bodies. 

In 1731, Mr. Hadley, the ingenious contemporary of Bradley 
and Moljnieux, pursuing a principle which had been proposed 
by Newton, brought to a state of great perfection the reflecting 
octant and sextant, by which the altitudes of the sun, moon 
and stars, and the angular distances between them have ever 
since been measured for the purpose of obtaining, by celestial 
observations, the latitude and longitude of a ship at sea, or of a 
place on land, where the instruments employed in regular ob- 
servatories are not to be had. A considerable change, however, 
has since taken place in instruments of this nature by making 
them completely circular, and capable of measuring the angle 
between the objects many times successively, in consequence of 
which the greatest correctness may be obtained. Mayer, of 
Gottingen, in 1758, first constructed such repeatmg circles, as 
they were called, and they have since been much improved j but 
that kind which possesses the highest character for accuracy 
was made public by the chevalier Borda, in 1789. 

It appears from a report made by Newton, m 1714, to a com- 
mittee of the House of Commons, on a method proposed by 
Whiston for finding the longitude of a ship at sea by the place 
of the moon, that the theory of the latter was not, tlien, accurate 
enough to determine that element withm less than two or three 
degrees of the truth : but, in proportion as improvements were 
made in the instruments of observation, the inequalities of the 
moon’s motions were more correctly determmed ; and Mayer, 
who had dihgently applied himself to this branch of astronomy, 
succeeded in constructing a set of lunar tables from which the 
distance between the sun, or a star, and the moon, could be 
computed for any given time with suificient correctness to be- 
come capable, by comparison with the observed distance, of 
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serving in the determination of the great problem of terrestrial 
longitude. These, and a set of improved solar tables, were pub- 
lished by Mayer in 1770 ; he did not, however, live to enjoy all 
the fruits of his labours, but his widow received from the Bri- 
tish government tlie reward which it had previously offered to 
any one who should bring the tables to the required degree of 
accuracy. Since this period, therefore, the distances between 
the moon and sun, and between the moon and ceitain fixed 
stars have been computed for every three hours in each day, as 
they would appear at the places of some of the principal obser- 
vatories in Euiope, and are published in the Astronomical 
Ephemendes for years in advance ; so that, by comparing them 
with the distances actually observed in other places, the differ- 
ence between the corresponding time given in the Ephemeris 
and that found at the place of observation, which expresses the 
difference in the longitudes of the two places, is immediately 
found. This is not aU the advantage derived firom the publica- 
tion of these Ephemendes ; in them are also given, besides many 
other articles of great value to the practical astronomer, the times 
of the immersions and emersions of Jupiter’s satellites, by 
which a scientific traveller, on land, (for the method is not prac- 
ticable at sea on account of the motion of the ship,) observing 
the same phenomena in a telescope of sufficient magnifying 
power, can, also, determine his longitude by a comparison of 
the time foimd at the place of observation with that given in the 
Ephemeris. 

But, to these means of facilitating the solution of that useful 
problem, must be added the perfection attained in the construc- 
tions of instruments for measuring time. In 1764, Harrison 
completed a chronometer which, having been taken across the 
Atlantic, and being found on its return to have deviated from 
the true time only 54 seconds, in an interval of 156 days, was 
considered as having ftdfiUed the conditions required to entitle 
the maker to the reward offered by government for a machine 
capable of keeping time vnth sufficient accuracy to serve for 
finding the longitude at sea; the promised sum, [£10,000,] 
was, consequently, paid to the ingenious mechanic, and the 
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use of chronometers, for that purpose, by nautical men, 
during long voyages, has ever since been general. A seaman, 
therefore, previously to his departure from the British shores, 
has only to set the index of the machine to the actual in- 
stant of mean time on the meridian of the Greenwich ob- 
servatory ; and, in any part of the world, however remote 
from thence, if he find his time by celestial observations, his 
distance, in longitude, from that meridian, will be expressed 
at once by the difference between the time thus found and 
that shewn by the chronometer. 
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CHAPTER XXII. 


OPERATIONS FOR DETERMINING THE FIGURE OF THE EARTH. 


An arc of the terrestrial meridian measured in France by Picard and, Cas- 
sini —-The terrestrial spheroid supposed at fiist to be prolate —Proof of the 
diminution of gravity m the equatorial regions — Arcs of the meridian 
measured in Lapland and Peiu.— The figure of the earth proved to be 
oblate. — Trigonometfical operations in England. Aics of the meridian 
measured in various parts of the world.— Great geodetical operations iii 
France and Spam — Experiments of Captain Sabine on the lengths of pendu- 
lums.— Ratio of the earth’s equatorial and polar diameters. — Effects of local 
attractions m geodetical and astronomical observations. 

In the time of Newton the question of the dimensions and 
figure of the earth particularly engaged the attention of mathe- 
maticians, and several efforts were made to determine both, by 
ascertaining, and comparing together, tlie lengths of certain por- 
tions of the terrestrial mendian. The attempts of the ancient 
Greeks and Arabians to acquire a knowledge of the earth’s mag- 
nitude have been already mentioned, and we may observe that 
gtmilar attempts had, just before the time of which we are speak- 
ing, been made by Eicciolus, Femel, and Snellius, on the con- 
tintent, and by Norwood m England ; hut from their labours no 
satisfiictoiy conclusion could be obtained, on account of the inac- 
curacy of their itinerary measurements. At length, about the 
year 1670, the French Academy of Sciences engaged Picard to 
determine the distance, in the direction of the meridian, from 
Malvoisine to Amiens, by means of a measured base hne, and a 
series of triangles formed between those places. This base was 
made a side of one of the triangles, and the angles of all the 
triangles bemg taken vn-th instruments, the lengths of the several 
vvere computed , firom which, with the observed azimuths, 
or bearings of the sides firom the meridian, the corresponding 
arcs of the meridian were found : finally, comparing the length 
of the whole arc with the difference, in latitude, between its 
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extremities, it was found that the length of a degree of the me- 
ridian, in that district, was 57060 toises. The arc of the meridian 
measured by Picard was afterward, by Dommicus Cassmi, ex- 
tended from Amiens to Perpignan, towards the south, and by 
Jaques Cassmi, in 1713, from Amiens to Dunkirk, northward ; 
and the lengths of the different degrees of latitude within this 
extent being sepaiately ascertained, it was found that they di- 
minished in going from north to south, a circumstance which indi- 
cated that the polar diameter exceeded, m length, the equatorial 
diameter of the earth, or that our planet had the form of a prolate 
spheroid: this indication appeared, subsequently, to be con- 
firmed by the results which Cassini de Thury obtained from the 
measurement of the length of a degree of longitude in the parallel 
to Brest, for this was found to be shorter by 781 toises than it 
should have been if the earth were a perfect sphere ; and, if such 
had been the fact, it would also have followed that the earth 
was elongated in the direction of its axis. Plence arose, in 
France, a prejudice m favour of this opinion, which was not 
easily removed, and which operated strongly for a time to retard, 
on the continent, the acquiescence in the Newtonian theory of 
gravitation ; because, from the latter, as we have seen, in con- 
sequence of the earth’s rotation on its axis, it should have been 
found that the equatorial, is longer than the polar diameter, or 
that the earth is an oblate spheroid. While the opinion prevailed 
that the polar diameter was the longest, there were not wanting 
philosophers, like Maaran,in France, who beheved that they had 
discovered a physical reason for it, though it is now known to have 
had no other foundation than the inaccuracies of the observa- 
tions and admeasurements ; it is, however, but fan, to say that, 
when the error was detected, it was with the utmost candour 
acknowledged, and ample justice was rendered to the sagacity 
of the English philosopher whose theory now, daily, received 
additional confirmation from the agreement between the conse- 
quences drawn from it and the results of operations then con- 
stantly carried on with superior diligence and care. 

A proposal having been made m the French Academy to ascer- 
tain the parallax of Mars, at the time of his opposition to the 
sun, by his distance from a certain fixed star observed at the 
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same instant in two places, considerably distant from each other, 
on the earth ; with a view of computing, from thence, the value 
of the sun’s parallax and the distances of the planets from that 
luminary ; M. Richter, one of the members, was appointed to 
proceed to Cayenne in order to make there the necessary obser- 
vations, simultaneously with those which were to be made at 
Paris, and was furnished with a pendulum clock for the purpose 
of obtaining the right ascensions of stars by their transits over 
the meridian: on comparmg together the times of the transits of 
particular stars on successive nights, this astronomer was sur- 
prised to find that the pendulum, which had been carefully rege- 
lated according to mean time at Paris, made, m one day, at 
Cayenne, a number of vibrations less by 148 than it made at the 
former place, or that the movement of the clock was too slow, 
daily, by 2' 28" ; so that, to cause the pendulum to make the same 
number of vibrations at both places, it was found necessary, at 
Cayenne, to diminish its length by above one tenth of an inch. 
Now, as the effect was too great to be considered as arising front 
the expansion of the rod by heat, or from a greater resistance of 
the air in those regions, no other conclusion could be drawn from 
it than that the force of gravity was less near the equator than 
in France ; and though, at first, some doubt prevailed concern- 
ing the justness of this conclusion, because it was supposed 
possible that the difference in the time of a vibration might be 
owing to some local cause ; yet when, soon afterward, similar 
results were obtained from observations, made expressly for the 
purpose, in other parts of the world, it was readily admitted 
that the fact, in accordance with the Newtonian theory, amounted 
to a satisfactory demonstration that the equatonal, was longer 
than the polar diameter of the earth ; in consequence of which, 
terrestrial bodies at the surface of the latter, in the equatonal 
regions, being further from the centre than in France, were less 
powerfully attracted by gravity, and more affected by the centri- 
fugal force arising from the earth’s daily rotation on its axis. 

But the limits of France were, evidently, insufficient to allow 
any conclusive argument concemmg the figure of the earth to 
be drawn from the variations in the lengths of the degrees of 
latode measured in that country alone j and the desire of ob- 
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taining data from more extensive operations induced the French 
Academy to send some of the distinguished men who were then 
associated with that learned body to the torrid and fiigid zones 
for the purpose of ascertaining, by their admeasurements, with 
more precision, the proportion between the equatonal and polar 
diameters of the earth ; the length of a degree measured in one 
of those regions compared with that of a degree measured in 
the other, necessarily, presenting a much greater difference than 
can exist between two degrees measured in any one country. 
In 1735 M.M. Maupertuis, Clairaut and Lemonnier proceeded to 
Lapland and, at the same time, M.M. De la Condamine and Bou- 
guer sailed to Peru to fulfil the objects of their respective missions ; 
the former party was joined by M. Celsius, a Swedish philosopher ; 
and the latter, by the Spanish mathematicians Don George Juan 
and Don Antonio di Ulloa ; and each party, labouring for its 
own glory as well as for the interests of science, prosecuted its 
operations with singular zeal and assiduity. That in the north 
encomitered, as may be expected, vast difficulties from the 
nature of those frozen regions, a ba^e, however, was measured 
upon the ice of the river Torneo, the mercury in Reaumur’s 
thermometer being at 37 degrees below the freezmg pomt, and 
a series of triangles was extended, from the city of that name, 
to Pello, towards the north, -including an arc of nearly one 
degree ; and the result of the operations was that, in the seventy- 
sixth degree of latitude, the length of a degree on the meridian 
is equal to 57438 toises. The measured arc of the meiidian in 
Peru extended along the valley of the Cordiheres, from Cotches- 
qui, nearly under the equator, to Tarqui towards the south; and 
the difference of latitude between the two extremities of the arc 
was rather greater than 3 degrees : the operations cost the labour 
of eight years, and the length of a degree at the equator was 
found to be equal to 56753 toises [=: 60484*5 English fa- 
thoms]. 

On the return to Paris, of the mathematicians who had been 
engaged in these distant and laborious surveys, a comparison 
was made of the results they had obtained; and the earth’s 
compression at the poles was determined from the lengths of 
the degrees of latitude in the several places: considerable 



480 


OPEKATIONS FOE DETERMINING 


[chap. 


differences, however, were found in the values of the compres- 
sion, but the fact itself was fiilly confirmed. The degree in Peru 
compared with that m France gave, for the ratio of the equato- 
rial to the polar diameter, 304 to 303 ; the former degree com- 
pared with that in Lapland, gave 211 to 210 ; while, according 
to the theory of gravitation, the earth being supposed homoge- 
neous, it should have been as 231 to 230. But some doubts 
having been raised about the accuracy of the base line, measured 
in Lapland, the length of a degree in that country was, by M. M. 
Swanberg and Offerbom, re-measured in 1801, nearly on the 
site of the former operations but, upon an arc of greater extent, 
and found to be equal to 57196 toises, [=60956 6 English fa- 
thoms,] or about 242 toises less than it had been before made ; 
and this new measure, being compared with that of the degree 
in Peru, gave the ratio of 334 to 333 for that of the earth’s dia- 
meters. 

In 1783, the government of France, at the recommendation 
of M. Cassiai de Thury, proposed to that of England to 
unite the geodetical operations then, in progress, in the 
former country, with corresponding operations in this, for the 
purpose of determinmg with accuracy the difference of lon- 
gitude between Greenwich and Pans ; and the proposal, being 
accepted, was immediately put in execution, under the direction 
of General Boy who, having measured a base on Hounslow 
Heath, extended a series of tnangles from thence to the coast 
of Kent, where it was connected with the senes formed between 
Paris and the opposite shores of France : a detailed account of 
these operations was published in the Philosophical Transac- 
tions ; but the plan first adopted by government was, afterward, 
enlarged, and a complete trigonometrical survey of Great Britain 
was executed chiefly under the direction of General Mudge who, 
in the course of the proceedings, in the years 1800, 1 and 2, mea- 
sured, between Dunnose in the Isle of Wight and Clifton in 
Yorhshire, an arc of the meridian including nearly three degrees 
of latitude, from which it was found that the length of a degree, 
in lab 52^^ 50' 30", is equal to 60766 English fathoms ; and in 
la^t. 51° 2' 54'', to 60884 fathoms ^ Colonel Colby was suhse- 

^ for a Trigonometrical Survey of England by Mudge and Dalby. 
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quently associated with General Mudge and, after the death of 
the latter officer, he had the sole direction of this great national 
undertaking 

The latter part of the eighteenth, and the beginning of the 
nineteenth centuries form a period celebrated for the geodetical 
operations which, nearly at the same time, weie carried on in dif- 
ferent parts of the world; besides the measurements in Fiance 
and England, Peru and Lapland, of which we have spoken, the 
length of a degree was determined near Pome, byBoscovich and 
Lemaire; m Pennsylvania by Mason and Dixon In 1751, La 
Caille measured one at the Cape of Good Hope , and, between 
the years 1802 and 1810, Major, afterwards Colonel Lambton 
executed a similar operation on the coast of Coromandel The 
opeiations in Pennsylvania, on account of the nearly level state of 
that country, consisted in simple measurements made actually 
m the direction of the meridian thiough a great portion of the 
arc, which included about 1|- degree of latitude , the length of the 
degree, its middle point being in 39 degrees north latitude, was 
found to be 60628-5 English fathoms. The degree measured at 
the Cape, in 33® 18' south latitude, was made equal to 57040 
toises [=60790 4 English fathoms,] and the arc in India, which 
extended between 8® 9' 38" and 14° 6' 19" north latitude, gave 
60496 English fathoms for the length of a degree whose middle 
point was in 10° 34' 49" north latitude, and, on comparing 
this length with that of the degree determined by Mudge for 
52° 2' 20" north latitude^ Colonel Lambton found the ratio of 
the earth’s axes to be as 329 to 328 ^ But the above works are 
eclipsed by the immense operations earned on m France be- 
tween the yeais 1791 and 1808, these, which were determined 
upon by the French academy in the midst of the troubles caused 
by the revolution, were undertaken for the double purpose of 
ascertaining the precise length of a degree of latitude in that 
country, and of obtaining the value of a standard for measures, 
of length, which should be invariable, by being made to bear a 
certain proportion to the circumference of a meridian of the 
earth A base was, therefore, measured at Melun, near Pans, and 
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tbe series of triangles was extended, by M.M. Mecliain and 
Delambre, to Dunbirlv and Baixelona : such was the accuracy 
of the work that the length of a base of veiification, wdiich was 
measured near Perpignan, at 400 miles from the fiist base, being 
compared with its computed length, as a side of one of the tri- 
angles, the difference was found to be less than one foot The 
length of the degree, determined fiom that of the computed me- 
ridional arc, was 56977*8 toises, [:z:60724 English fathoms,] in 
the latitude of 44° 41' 48'', and this, compared with the length of 
the degree m Peru, gave the ratio of 334 to 333 for that of the 
earth’s equatorial and polar diameteis M.M. Biot and Arago, 
being joined by two Spanish mathematicians, subsequently pro- 
longed the tnangulation as far as the island Formentera in 
the Mediterranean, and, after great difficulty, aiisiiig from the 
small light afforded by the miirors of the lamp at the distance 
from thence to die coast of Valencia, they succeeded in fixing 
the island as the southern extremity of the arc M. Biot in 
conjunction with the English mathematicians finally continued 
the triangulation, towards the north, as far as the island of Unst, 
one of the Hebiides which, then, became the limit of the arc in 
that direction The difference of latitude between Dunkirk and 
Formentera is 12° 22' 13" and, from the length of this portion 
of the terrestrial mendian, its circumference is computed to bo 
24855*42 English miles : one forty millionth part of this cir- 
cumference is equal to 39 378606 English inches, wffiich is 
the value of the unitary measure of length now employed in 
France. Commissioners from various countnes met in Paris, in 
1798, to decide on the question of the figure of the earth from 
the data afforded by such trigonometrical operations as had 
been, then, completed; and we cordially join with a French 
writer in regretting that political circumstances should have 
prevented the country of Newton from being represented in an 
assembly of learned men convoked for the purpose of deli- 
berating on a subject of such importance to all the civilised 
world 

® Base du Syst^me metnque par Delambre 
^ Delambre, Astronomie Theorique et Pratique, Tom. TIX. 

Notice sur les operations faites en Espagne, par M. Biot. 

^ Voiron, Histoire de P Astronomie, troizieme partie. 
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Dming the perfoiiRance of these great worts, observations 
weie made both in France and England, at several of the 
stations deteimnied by the surveys, on the length of the pen- 
dulum vibrating seconds, for the purpose of asceitaining the 
figure of the eaith by the intensity of gravity at difieient points 
on its surface * and it is pleasing to observe that, m furtherance 
of this useful object, the British Government, afterward, contri- 
buted largely by appointing Captain Sabine to make similai ob- 
seiwations at several places beyond the seas : this distinguished 
officer, in 1822, sailed in the Iphigenia to Sierra Leone and the 
island of St. Thomas, fiom whence he pioceeded to Bahia in 
Brazil; and returned to England by the way of Jamaica and New 
York, and, at all these places, besides experiments relating to 
the intensity of tenestrial magnetism, he made many observa- 
tions on the numbei of vibrations performed by a pendulum of 
invariable length in given times. The instrument was of the 
kind recommended by Captain Katei, having its centres of sus- 
pension and oscillation conveitible, by which a veiy accurate 
measmement of the interval between them could be made, 
and the length of the seconds’ pendulum, consequently, could 
be easily deduced. In the following year. Captain Sabine sailed, 
in the Griper, to Norway, Greenland and Spitzbergen, for th^ 
like purposes , and thus, the observations were extended from 
the equator to a point as near as possible to the pole • from a 
careful discussion of all, it was found that the length of the equa- 
torial pendulum vibrating seconds is equal to 39*01568 English 
inches, and that the force of gravity at the pole is, to that at the 
equator, as 1*20213 to 1 , fi:om whence the ratio of the equatorial 
to the polar diameter of the earth is shewn to be as 289 to 283 : 
and it IS worthy of remark that this agrees very neaily with the 
ratio determined by La Caille from observations of a like nature 
made, between the years 1751 and 1755, at the Cape of Good 
Hope, in the Isle of France, and at Pans 
The values of the degrees of latitude found at diffeient places 
on the earth’s surface differ from each other more than might be 
expected, considering the great attentions that have been paid, to 

® Account of experiments to deteimine the figure of the earth, by Edward Sal>ine. 
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ascertain and make allowance for every known cause of error. 
In France, the lengths of the degiees were found to go on di- 
minishing from 1101 th to south but not in a regular progression , 
in England, on the contiary, they were found to diminish from 
south to north , so that, if the figure of the earth were to be de- 
duced from the degrees in the foimer of these countries alone, it 
would appear to be oblate ; if, from the degrees in the latter, it 
would appear prolate * but it was never supposed that the figure 
could be ascertained fiom the lengths of a few degrees con- 
tiguous to each other and, therefore, this opposition of results is 
not to be considered as militating against the conclusion drawm 
fiom a compaiison of tlie degree in Europe with those m India 
and Peru, which decidedly establishes the fact of a compression 
at the poles. Not only, however, do the lengths of degrees 
measured in the northern hemispheie of the eaith deviate, within 
certain small limits, fiom the values they should have on the 
surface of a regular spheroid, but the degrees measured in cor- 
respondmg latitudes in the opposite hemispheres also disagree ; 
now", twm opinions only can be formed concerning these discre- 
pancies, and both are very probably correct , one is, that the 
form of the earth is neither that of a regular spheroid nor ellip- 
soid, and the other, that local attractions, which it is difficult or 
impossible to estimate accurately, derange the plumb-lines of 
the instruments by which, in order to ascertain the latitudes of 
the stations, the zenith distances of stars are measured. The 
proportions between the equatorial, and polar diameters of the 
earth are, necessarily, various , we have said that the compa- 
rison of the arc measured m France with that in Peru, in which 
last it should be remarked that the observations of Bouguer 
were made use of, gives, for that proportion, 334 to 333 ; but 
M. Delambre, taking a mean of the observations of Bouguer 
and La Condamine, afterwards found it to be as 309 to 308. 
We have said, also, that the length of a degree in India, com- 
pared with that in England, shewed the ratio to be as 329 to 
328 ; but one of the former degrees, being compared with those 
meas^red in England, France and Sweden, produced, for a mean 
result, the ratio of 318 to 317; and, probably, a mean of the 
ratios above assigned by Delambre and Lambton, which would 
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be as 314 to 318, may be taken as that of the greatest and least 
diameters of a regular spheroid coinciding as nearly as possible 
with the true figure of the eaith. 

M. Bouguer was the fiist vs ho found, by the changes it was 
necessaiy to make at different places, m the length of the pen- 
dulum vibrating seconds, that the foice of gravity diminished 
more rapidly, in proceeding towards the equatoi, than the sphe- 
roidal figuie of the earth and the increase of centrifugal foice 
gave reason to expect ; and he was led to imagine that the late- 
ral attraction of the mountains, on the pendulum, might be the 
cause of the diffeience : to ascertain this point, he took the zenith 
distances of cktain stars, the instiument being placed on the side 
of Chimboiago, and he perceived indications that the plumb-line 
deviated about seconds from the vertical position , but, as the 
smallness ol this quantity rendered its accuracy doubtful, the 
mountain, from its size, seeming likely to cause a greater devia- 
tion, Dr. Maskelyne was appointed, m 1774, to make a series of 
observations in the neighbouihood of the Schchalhon, a moun- 
tain mPerthshiie, with a view of deciding the question . for this 
purpose, with a sector whose radius was 10 feet, he observed the 
latitudes of two places on opposite sides of the mountain, and, 
on comparing the difference between them v^ith that deteimined 
by geodetical operations, it was found that the plumb line had 
really been atti acted in contrary directions at the two stations, 
and that each deviation amounted to 5'^ 8\ Besides the icsult 
thus obtained, Di. Hutton found that the density of the whole 
eaith IS to that of the mountain as 9 to 5 ; and Professor Play- 
fair, who had determined by direct expeiiment that the density 
of the latter is to that of water as 2 75 to unity, concluded that 
the mean density of the earth is nearly five times as great as 
that of water ; a result which differs but little from the deter- 
mination of Newton. No doubt, then, can exist that local atti ac- 
tions, arising fiom inequalities on the surface, and the want of 
homogeneity m the mass of the earth, influence mateiially the 
directions of the plumb-lines by which the zenith of the observer 
is ascertained, and, consequently, much uncertainty must pre- 
vail conceinmg the latitudes of the places which maik the limits 
* Dr. Hutton’s Tiacts, Vol II. Tract 26. 
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of the measured arcs of terrestrial meridians. General Mudge 
accounts for the remarkable vaiiations in the lengths of the de- 
grees measured in England by supposing that his plumb-line was 
made to incline towards the north, at all the stations, by attrac- 
tive forces, which augmented in intensity in going 'from south 
to north ; and it is easy to conceive that such attractions may 
be, partly, the cause that the experiments made on the vibrations 
of pendulums m different places, for deteimining the ratio of the 
equatorial, to the polar diameter of the earth, give results dis- 
agreeing with each other and with those obtained from geodeti- 
cal admeasurements. Fortunately these differences are small in 
value, and it has been with justice observed, that our present 
knowledge of the form and dimensions of the eaith is quite suf- 
ficient for any of the most delicate opciations of astronomy, 
geography, or navigation. 
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CHAPTER XXIII. 

THE LATEST DISCOVERIES IN THE HEAVENS. 


Hei schell’s i emaiks on the solai spots — Opinions concerning the state of the 
moon^s suiface — Discoveiy of the Georgium Sidus — And of the foui new 
planets — Notices of some ancient comets — The orbits of comets suspected 
by Cassnu to be curves letuining into themselves. — Di. Halley computes 
the elements of a comet s oibit — Uncertainty of the computations founded 
on the observed places of comets. — The knowledge of the fixed stars is yet 
imperfect —Changes obseived in the appeal ances of the stars — Opinion of 
Sii W Ileischell concerning then proper motions — Obseived movements 
in the double and multiple stais — Opinion of Herschell concerning 
the nebulae — An idea of Keplei tonceiniiig the distubutions of the fixed 
stais — Catalogues of stars. 


The highly improved state of the instiuments employed in 
mahing celestial observations, and the diligence exercised by the 
illustrious men vplio, during the eighteenth, and in the beginning 
of the nineteenth centuries, devoted themselves to the cultivation 
of astronomy, while they brought to light many facts relating to 
the constitution of the bodies which compose our system, were 
the means of greatly extending, if we may so speah, the regions 
subject to the dominion of the sun, and of augmenting the num- 
ber of planets and comets which, like vassal jirinccs, own the 
influence of his power. The nature of the spots which occa- 
sionally appear on the sun himself were attentively examined 
by Sir W. Herschell, during several years, with the finest telescopes 
in existence, and his observations have led him to the conclu- 
sion that tliey are caused by an elastic gas, which, issuing from 
the solid matter composing the body of the sun, piercing the 
luminous sfrata surrounding it, and dispersing itself every way 
about the onfice, peimits the daik nucleus at the bottom of the 
pciforation to become visible to a spectator on die earth, when 
the latter is in the direction in which the perforation has 
been made , at times, also. Sir Wilham was able to look ob- 
liquely down the opening and distinguish by a dilicrenco of 
colour, on the side opposite to the eye, the diicction ol the thick- 
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ness of tte luminous mass. The elasticity of the gas appeals, 
frequently, insufScient to allow the particles to make their way 
through the matter which suiiounds the sun, and then it svrells 
it into ridges or nodules, appealing more biilliant than the rest 
of the siiiface , or, escaping in small quantities, it disturbs the 
upper surface only, causing gentle swellings or shallow indent- 
ations ; the last of which are rather moie obscuie than the othei 
parts of the sun, and contain many small daik points, like pores, 
through which some of the ascending gas has passed - 

The objects which diversify the visible disc of the moon have 
not been so minutely distinguished as might be expected fiom 
the magnifying poweis of our telescopes : though the neaicst to 
us of all the celestial bodies, she is still too remote to afford any 
indication of the productions of nature on hei surface which, to 
judge fiom its appeaiance, should be as well fitted for the sup- 
port of vegetable and animal hfe as the eaith itself. Her 
mountains, occasionally, are disposed in chains or groups, like the 
Alps and Pyrennees, and rise to the height of five miles, nearly ; 
but, more generally, they assume the appearance of annular 
ridges enclosing spaces, from 1800 to 16000 feet deep, like the 
beds of lakes or seas, or the crateis of volcanoes long since 
extinct: frequently an isolated mountain uses from a plain, with 
portions of rock projecting from its sides, and round its base aro 
scattered fragments which seem to have been separated by time 
from the prmcipal mass. The absence of those variations of 
light and shade which would be produced by clouds floating 
above her surface, and the irregularities of the ground, visible at 
the bottom and on the sides of her cavities, have given reason 
to believe that no atmosphere sunounds her and that she is 
destitute of rivers and seas. Such are the opinions generally 
entertained concerning the moon , but M Schroeter, a German 
astronomer, ventures to assert that our satellite is the abode of 
living and intellectual beings: he has perceived some indications 
of an atmosphere which, however, he admits, cannot exceed two 
miles in height, and certain elevations which appear to him to 
be works of art lather than of nature. He considers that a 
uniformity of temperature must be pioduced on hei surface hv 
her slow rotation on her axis, by the insensible change from day 
to night, and the attenuated state of her atmospheic, which is 
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never distmbed by storms; and that light vapours, rising from 
her valleys, fall m the manner of a gentle and refreshing dew to 
feitilize her fields^. 

To this astronomer we are indebted foi some observations on 
the figuie and appearances of Mars, and for a knowledge of the 
times m which Venus and Mercury peiform their revolutions 
on their axes , previously to his time, the lotation of Venus had 
been uncertain, and that of Mercury quite unknown , but, in 
1793, Schioeter discovered both, from the recurrence of like ap- 
peal anccs at the cusps of the planets when neaily m conjunc- 
tion with the sun 

In 1781, the attention of Sii William Ilerschell was first 
attracted to a star, in the constellation Gemini, which appealed 
to be larger and less bright than the lest, and, continuing to 
observe it during a few nights, he found that its place in the 
heavens gradually changed as soon as this ciicumstance was 
communicated to the learned, the pimcipal astionomeis of 
Europe made the star the subject of their nightly observations, 
and being satisfied that it was leally m movement, they applied 
themselves to the consideration of its nature. At first, it was 
generally thought to be a comet, and attempts were made to 
compute the figure of its path on this supposition, but M. 
Lexell, of St. Peteisburgh, discovered that it revolves about the 
sun in an orbit which is ciicular or ncaily so, and that its 
distance from the sun is about twice as gi^eat as that of Saturn ; 
and La Lande computed that the peiiod of its revolution is 
about eighty-two years. These deteiminations being confinmed 
by all subsequent observations, the star newdy observed w^as 
acknowledged to be a planet and received the name of Uranus, 
of Herschell, or, in honour of the leigmng monarch, of the 
Gcorgium Sidus , the last of wdiich, only, has been adopted in 
this country Within a year from its cliscoveiy, La Place, by 
means of several excellent observations, ascertained the cllipticity 
of the oibit, its principal elements, and the perturbations to 
which it is subject by the attractions of Jupiter and Saturn, 
and it is worthy of remark that, among these, he found two, pro- 
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ducing eqtiatioDS of its mean motion, not exceeding two minutes 
and a half of a degree, of which one is accomplished in 90 yeais, 
and the other m 569 yeais. This, as Voiion observes is an 
astonishing proof of the powei of analysis , by observation alone 
the variations in the movements of the planet could not be as- 
certained till aftei long peiiods of time, and in piopoilion as 
they became sensible to the obseiTer, but the eye of the ma- 
thematician penetrates into the depths of ages to come, and, 
besides foreseeing several other inequalities, it is enabled to 
discover a coiTection of its mean motion amounting to the small 
quantity above mentioned, and compensated, periodically, in 
above five hundred years. The powei of Herschell’s tele.scopc 
made hnown, between 1787 and 1794, that the planet was ac- 
companied by SIX satellites, two of which are remarhable for 
having the planes of their orbits nearly perpendiculai to that of 
the planet. On examining the registers of M. Le Monnier for the 
year 1765, several positions of a newly observed stai are there 
found marked, which, firom the subsequent determinations of the 
places of the above planet, shewed the star and planet to be the 
same ; and it is evident, therefore, that if the French astronomer 
had taken the trouble to compare together his own observations, 
he would have anticipated Dr. Heischell in the discoveiy which 
has rendered the latter so justly celebiated. 

Fiom the days of Kepler it had been suspected, on account 
of the disproportion which the interval between Mars and Ju- 
piter bears to those between the other planets, that a planet 
might exist m that interval; and this notion was thought to be 
venfied when, in 1801, M. Piazzi, at Palermo, observed a small 
star, m Taurus, which was moveable , the star was, afterward, 
lost in the sun’s rays, and was not again discovered till Januaiy 
in 1802, when the fact that it was a planet was fully ascertained. 
To this the name of Ceres was given, and the elements of its 
orbit were presently determined; it presented, however, tliis 
pecuhanty, that the inclination of its orbit to the ecliptic was far 
greater than that of any other planet, being found to vary from 
11 to 18 J degrees. But the supposed order of the distances of the 
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planets from the sun, which seemed to be established by tlie dis- 
covery of this last, was soon found to be deranged, for, m 1802, 
Dr. Olbers at Bremen announced the discovery of another, which 
he named Pallas , in 1804 M Harding, at Lilienthal, discovered 
a thud, to which he gave the name of J uno ; and, lastly, in 1807, 
Dr. Olbers had the honour of discovermg a fourth, which he 
called Vesta. As all these are found to be of very small magni- 
tude, compared with the other planets, and to describe orbitsnearly 
at the same distance from the sun. Dr. Olbers conceived that 
they might be the fragments of some great planet which, for- 
merly, revolved about the sun in an orbit situated nearly in the 
same part of space, but which had been destioycd by some in- 
ternal convulsion. 

The attention of the learned in astronomy will, probably for 
ages to come, be particularly engaged in cnqimies concerning 
the nature and movements of comets ; these being the only 
bodies of our system which have hitlieito in some degree defied 
the powers of modem science, it may be expected that they will 
become the objects of many nightly vigils in open air and many 
laborious researches in the closet. The comets are ah-eady 
known to partake, in some measure, of the nature of planets, 
but the persevering industry of man will impel him to multiply 
his obseri ations, and renew his investigations in every direction 
till be stiall have learned how to deteimme with precision all 
the elements of their orbits and till, fulfillmg the prediction of 
Seneca in all its extent, he shall have demonstrated that both 
planets and comets are, in every respect, similar parts of the 
system to which the sun is a common centre of light, heat and 
movement. 

The times in which these occasional visitants were considered 
as tokens of the Divine displeasure have long since passed 
away; and an intellectual ago has justly classed that opinion 
with the other dreams of an idle and degrading superstition . 
yet, such are the disadvantages attending an imperfect knowledge 
of die phenomena of nature, that, when the comets were found to 
be masses of a material substance, and their paths were per- 
ceived to he among the planets, tlie tenor they had inspiied 
changed its object, and an appichension arose that some great 
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catastiophe .would befall the earth by an accidental collision 
■with one of these wandering bodies. Whiston had ascribed the 
Noachian deluge to a condensation of the watery vapours 
forming a comet’s tail, which he supposed to have, when that 
event occurred, enveloped the earth , and, as there seemed as 
much reason to believe the matter of the tail to be fire, as water, 
it w'as equally feared that a second deluge or a geneial conflagra- 
tion might, at a future period, on a like near approach of some 
comet to the earth, involve the human and animal races, and all 
the works of men, in one common destruction. It appears that, 
in 1774, the people of Pans were thrown into the greatest alarm 
by a memoir of La Lande, in which that astronomer suggests, 
as a bare possibility, that the pertuibating forces of the planets 
acting on a comet might, in process of time, so change the form 
and position of its oibit as to bring the nodes into the penpheiy 
of the orbit of the eaith, and thus expose the latter to the eflects 
above supposed • these apprehensions, however, have been long 
since shewn to be groundless , for the chances are almost infinite 
against the occurrence of such a position of the nodes, which 
the continuation of the pertui’bating forces would immediately 
change , and, even if so situated, the chances are equally great 
against the meeting of the earth and comet, which could only 
take place precisely at the intersection of their paths ; the pro- 
bability of a direct colhsion is therefore reduced nearly to 
nothing. It has been ascertamcd that no one of the known 
comets approaches, in any part of its orbit, near enough to the 
earth, to become capable of producing any sensible eflTect by its 
attraction on the waters of the sea ; and, that a deluge or con- 
flagration might arise from the envelopment of the earth in the 
train of a comet is disproved by the fact that this accom- 
paniment is constituted of matter in the highest degree of 
attenuation. 

It will be needless to state the notices concerning the appear- 
ances of comets, which occur in the wiitings of the ancients 
and bear the impiess of their superstitions, let it sufiBce to 
observe that Aiistotle desciibes one as being accompanied by a 
splendid tiam of light which extended over one-third of the 
visible heavens and at last ceasing to be visible, in the constella- 
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tion Orion and that Justin, speahing of the comet which 
appeared at the biith of Mithndates says it continued visible 
during ‘seventy days and was so bright that all the heavens 
seemed to be on fire , he adds that its tram spread over one 
quarter of the heavens and was four hours in rising and setting. 
Nicephoras Gregoras, quoted by Halley in his Synopsis Co- 
meticse, is the first who made any useful observations on these 
bodies, and he has described the apparent route of a comet 
which appeared m 1337 ; but previously to the seventeenth 
century we have little information concerning them Seveial 
are, however, registered in the Chinese annals : Regiomontanus 
observed one in 1472, which is said to have had an immense 
train and to have passed through 40 degiees of a gieat circle in 
one day ; and the movements of those seen by Tycho Brahe and 
Kepler were caiefully paiticularized. 

We have said that the paths of comets were at first thought 
to be right lines, and when their curvilinear forms were le- 
cognized,befoie a suspicion was entertained that these wandeimg 
stais might reappear after intervals of time, it was natural to 
imagine that the orbits were parabolical, a curve of this kind 
being the simplest of those which do not return into themselves. 
Hevehus appears to have been the first who proposed the idea 
of such an orbit, and he ascribes the motion in that curve to a 
composition of the impulsive force by which the comet was 
driven, obliquely as he supposed, from the mass of the sun or 
of some planet, with a tendency to the sun, produced by the 
attraction of the latter. The observations of Cassini on a comet 
which appeared in 1672, and which seemed to desciibe a route 
similar to that of one which had been observed by Tycho 
Brahe, in 1577, first induced an opinion that these celestial 
bodies sometimes returned to our system, and, consequently, 
that they describe what are called re-enteimg curves m their 
revolutions about the sun. 

On the twentieth day of December, in 1680, appeared, above 
the horizon of London, the finest comet seen since the revival of 
learning , it became visible in the evening soon after sun-set 
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and canied a train of vast extent, but it was then giudually 
receding from the sun and, after four or five months, it ceased 
to be perceptible The same comet is, however, said to have 
been observed at Coburg m Geimany in the preceding Novem- 
ber, when It was approaching the sun; and, firom the data which 
all the observations furnished, Doerfel computed the elements of 
its orbit on the supposition that it had the form of a parabola ; 
but Dr. Halley, remarking that a considerable comet had now 
for the fourth time appeared, at intervals of 675 years; the 
first at the death of Caesar, and the third, or that which im- 
mediately preceded the present comet, in the year 1106, [ac- 
cording to the Saxon Chronicle,] conceived that they might 
be the same ; and, by trial, he found an ellipse in which, from 
the theory of gravitation, a comet might revolve in that pciiod 
and which, at the same time, passed veiy nearly through the 
points determined by the observed longitudes and latitudes , 
and, from the ^mensions of this ellipse, it was ascertained that the 
comet, when in the perihelion point, was at a distance from the 
surface of the sun less than one-sixth of the semidiamoter of 
tliis liiminarj 

Di, Halley also calculatecl the orhits of* two comets which had 
been observed in 1556 and 1661 , and companng the first with 
one which, according to Mattliew Pans, appeared in 1264, and 
the other, with one observed by Apian in 1532, he found them, 
respectively, to be so nearly the same, in the places of their 
perihelion points and the distances of these from the sun, and 
also, in the inclinations of their orbits and the places of their 
nodes, as to afford reason to believe that the two last were iden- 
tical with the two former , the periodical time of that which 
appeared in 1264 and 1556 is, therefore, 292 years, and that of 
the other, 129 years ; the former may consequently be expected 
m 1848, and the othei should have reappeared in 1790; as 
this did not happen, the identity of the comets of 1532 and 
1661 IS doubtful, or it may be imagined that the perturbations 
of the other bodies in the system, have so deranged the orbit 
as to prevent tlie possibility of its recognition. It is needless to 
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sa 7 that little reliance can be placed on the computed return of 
the first comet 

In 1682 there appeared a comet in a part of the heavens 
where one had been ohseived in 1607, and Dr. Hallej, Laving 
computed the principal elements of both, found, from their near 
coincidence, that the comets must be identical: as the intei- 
val of these appearances is between 75 and 76 years, he ren- 
tured to assign that interval as the periodical time of the comet’s 
revolution and to foretcl that it would, next, be visible m the 
year 1759 The Tiench astronomer, Clairaut, subsequently col- 
lected the value of the period which had been determined by 
Halley, on account of the perturbations produced by the atti ac- 
tions of JTupiter and Saturn; and, for the first time, a prediction 
relating to the leturn of a comet was fulfilled , for this again 
appealed in 1758 and passed the perihelion point of its orbit 
in March 1759, only thirty days earlier than the time found by 
Clairaut ; and thus was established the fact that the comets 
aie subject to the same laws of motion as the planets. This 
IS that which is particularly distinguished by the name of 
Halley’s comet; the first notice we have of it is its appeal - 
ance in 1456, and, froni the computations of M. Damoiseau, it 
may with confidence be expected to pass the peiilielion about 
Novenaher 26, 1835 The aphelion point of its oibit was, by 
Dr Halley, computed to be 1300 millions of leagues from the 
sun, and the peiihelion point, only 20 millions and it is said 
that, when near this last situation, the comet piesentcd phases, 
like the moon. 

The orbits of ahove one hundred comets are now considered 
as known ; hut, if we except the comet of Halley and two others 
which were discovered by M.M.Encke and Biela, in Geimany, 
whose computed returns have been satisfactorily verified, the 
determinations of their majoi axes and the times of their revolu- 
tions, being founded on observations made during the short times 
in which, the bodies are visible, are jet too uncertain to inspire 
much confidence* the periodical levolution of Encke’s comet is 
accomplished in years, and that of the comet of Bicla in 6| 
years , the former came to its perihelion in June, and the latter 
in November of the last year, 1832. In ]770 appeared a 
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comet winch was said to have been gi eater than the moon , and, 
of all that have been observed, this is that which has approached 
the nearest to the earth: it Was visible both before and after its 
arrival at the perihelion point, and, fiom its positions in space, 
MM. Euler and Lexell found its orbit to be elliptical, and the 
time of its revolution to be between five and six yeais . yet it has 
never since appeared , and it is, therefore, evident that its path 
must have suffered some very great change, piobably by the at- 
traction of Jupiter, part of whose oibit appears to be near the 
aphelion of that of the comet In determining the peiiodical 
time of the comet of 1769, the same mathematicians found this 
element uncertain to the amount of 70 yeais , for the observations 
are equally well represented by two ellipses, in which the times 
of revolution are 449 and 519 years respectively ; and Pingr6 as- 
signs to the period 1231 years. Four periods have been found 
by M. Bessel for the comet of 1807, of which the least is 1483 
years and the greatest 1952 years ; and that of the great comet 
seen in 1811 is said to be either 2301 or 3056 years: it must be 
concluded, therefore, that much yet remains to be done before 
the cometary theory wiU be capable of bearing a comparison 
with that of the planets 

It has, often, been maintained that the regions of space occu- 
pied by the bodies of the solai system are filled with an ethereal 
matter , and that the resistance produced by it is the cause of 
those inequalities which are observed in the motions of the 
planets, and which could not, at one time, be accounted for from 
the theory of giavitation. It is well known, however, that, in 
proportion as the analytical piocesses employed in physical 
astronomy were extended, the several apparent anomalies were 
found to be comprehended within the grasp of the general 
theory ; and it is, now, no longer necessary to have recourse to 
the hypothesis of an ether, for the explanation of any pheno- 
menon presented by the sun, moon, or planets. This is not the 
case with comets, whose irregularities are far greater than those 
of the other bodies composmg the system ; and an attempt has 
been made by M Encke, the astronomer above mentioned, to 
account for an apparent diminution, in each revolution, of the 
periodical time and eccentricity of the comet which goes by his 
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name, by the old hypothesis of an ether diffused through space 
As it might be urged that no such ether affects the motions of 
the planets, the writer of the article, M. Mossotti, observes that, 
on account of the very eccentric figures of the orbits ; the per- 
petual changes in the forms and velocities, and the smallness of 
the masses of the comets , the resistance of an ether may be- 
come capable of disturbing the movements of those bodies, 
though its effects are insensible in the movements of the planets 
But it IS evident that the cometary theory must be much further 
cultivated, and observations greatly multiplied, before it will be 
possible to decide on the validity of an hypothesis which ought 
not to be received till every process founded on the theory of 
gravitation has failed to elicit the object of inquiiy 

Besides the efforts which have hitherto been made, and those 
M’’hich must, yet, long continue to he made, in oider to rendei 
perfect our knowledge of the system of planets and comets be- 
longing to the sun, a most extensive field of lesearch, in the re- 
gions of the stars called fixed, invites the diligence and promises 
to reward the labours of future astronomers. In addition to the 
fixation of the places actually occupied by the stars, and the de- 
termination of the changes to which those places appear subject, 
from the causes above explained, the cultivators of the science 
have now to attend to the appearances presented by the stars them- 
selves, and to the variations of position which have been observed, 
and cannot be accounted for by any of those causes , and which, 
therefore, are considered as resulting from motions peculiar to 
the stais themselves : observations continued during many years 
will, it may reasonably be expected, at length afford the means 
of discovermg some general law under which all those variations 
may be reduced, and of establishing the universality of that law 
of gravitation which has hitherto been verified only within the 
limits of the planetary system. 

We have had occasion to mention the ‘sudden appearance of 
some stars and the disappearance of others , and it may now be 
stated that certain stars seem, alternately, to increase and dimi- 
nish in brightness, and even to become visible, and invisible, at 
the ends of certain intervals of time. Hipparchus is the first 
^ Memoirs of the Astionom^cal Society of London, Yoi IT. Part I. Art. 5 , 
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astronomer who is known to have witnessed the appearance of 
what is called a new star ; but, from his time, till the latter end 
of the sixteenth century, very few such phenomena are on re- 
cord, and of these no particulars are related, if we except that a 
star as bright as Venus is said to have been seen, in Acjuila, in 
the year 389, of our era. In 1572, Tycho Brahe discovered that 
remarkable star in Cassiopeia, whose subsequent disappearance 
excited so much attention among the learned and the ignorant ; 
and, in 1596, Fabncius discovered one in the constellation Cetus 
which, also after some time, became invisible : this, however, 
was again observed in 1638, and it was, afterward, found to be 
one of those which appear and disappear alternately, and to un- 
dergo periodical variations of light ; but the intervals in which 
the changes seem to take place are variable, and Hevelius ob- 
serves that, in his time, it had been for four years invisible. Bul- 
haldus and Descartes account for these phenomena, and their 
explanation appears sufldciently probable, by supposing that the 
fixed stars, hke our sun, may revolve on their axes and have on 
some parts of their surfaces many dark spots ; these, being occa- 
donally turned towards the earth by the revolution, cause the 
stars on which they are, to be apparently less bright, or to dis- 
appear entirely, from the deficiency of light; and when the side 
which has few or no spots comes, afterward, to the same posi- 
tion, the star is again rendered visible. 

We have said that the efforts to determine the parallaxes of 
the fixed stars have not been successful, though, for this pur- 
pose, the whole diameter of the earth’s orbit has been taken as 
a base, from the extremities of which the apparent places of tfre 
brightest and therefore, probably, the nearest stars, have been ob- 
served : the results of the most careful observations having shewn 
that if such parallax exists it must be less than the errors to 
which the instruments are subject, and inseparable from them. 
It ought, however, to be observed, that two celebrated mathe- 
maticians, M. Bessel and the Bishop of Cloyne, have confidently 
asserted, from their own observations, the reality of an annual 
parallax ; but it is remarkable that the observations made by Mr. 
Pond, the Astronomer Poyal, with the accurate instruments be- 
longmg to the Greenwich Observatory, seem to prove the con- 
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trary : we can therefore, at present, only conclude that the dis- 
tance of the nearest fixed stars from our system is immeasurably 
great. 

These stars are of all varieties of colours, and the telescope 
shews that an immense number of those which appear single to 
the naked eye, are really double or multiple, consisting of two 
or more, seemingly close together and, generally, of unequal mag- 
nitudes , but the most remarkable circumstance connected with 
the phenomena of double stars is that one of them appears to have 
a movement about the other as a planet moves about the sun. 
We have, thus, a glimpse of vanous systems of bodies subject 
to the principle of gravitation but very differently from that to 
which we belong: instead of a number of planets and comets 
revolving about one sun, we perceive suns revolving about suns 
each, perhaps, attended by his proper system of planets ; or it 
may be that, in some cases, within the orbits of all the planets 
composing a system are included two or more suns ; and any of 
these airangements will evidently give rise to a theory of move- 
ment far more complex than that which is required to explain 
the phenomena of the bodies composing our solar system. The 
astronomical world is indebted to Sir James South for a series 
of acciuate observations, lately made, to deteimine the periodical 
times in which the revolutions of many of these double and 
multiple stais are performed. 

Besides the objects which present themselves to the eye of 
the observer as luminous points, innumeiable small cloudy 
spots are, by the aid of the telescope, seen m the heavens ; and 
Sir Wniiam Herschell, who particularly directed his attention to 
these nebulosities, has deternnned the position of above two 
thousand of them, which he has divided into various classes 
according to their particular appearances. In almost every 
instance he has found them to consist of very small stars col- 
lected m masses which assume a spherical figure, and appear 
most condensed towards the centre ; and, from these circum- 
stances, he concludes that they have been formed by the action 
of a central force which has drawn the component stars toge- 
ther in groups at immense distances from each other and from 
the part of the universe occupied by our planetary system. 

K K. 2 
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Of the nebulous matter which does not appear capable of resolu- 
tion, by the telescope, into separate stars , it is observed by Sir 
John Herschell, the learned son of the illustrious astronomer 
above mentioned, that that opimon concerning its nature and 
uses, in which it is regarded as a self-luminous or phospho- 
rescent material substance in a highly dilated or gaseous state, 
but giadually subsiding by the mutual gravitation of its mole- 
cules into stars and sidereal systems must, in the present state 
of our knowledge, be looked upon as the most piobable^. And 
this opinion seems to be strengthened by the observation of Mi . 
Pond, the piesent Astronomer Poyal, that the nebula of Orfon 
IS gradually contracting its dimensions, and leaving intervals 
greater than those formerly observed, between itself and the 
neighbouring stars The band surrounding the heavens, and 
which we designate the Milky Way, is also considered by Sit 
W. Herschell as a nebulous cluster of stars ; within it he places 
our sun with its attendant planets, and he ascribes its particular 
appearance to the position we occupy, which he supposes to be 
near its centre, and to the smallness of its breadth compared 
with its extent in the direction of the plane of the visible 
circle. If, as there is abundant reason to believe, this opi- 
nion be well founded, it is evident that the magnitude of our 
vast and splendid system must bear an insignificant proportion to 
that of the whole cluster ; and infinitely less to the extent of 
the universe , since a spectator placed in any one of the myriads 
of stars composing the cluster, and looking towards this part of 
space, would entirely lose sight of this massive earth ; even the 
orbit of the Georgium Sidus would scarcely subtend a sensible 
angle, and our bnUiant sun would be reduced to a point of light 
only disiingmshable by the most powerful telescopes. 

Concerning the disposition of the fixed stars there was pro- 
posed by Kepler, and descnbed by Dr. Halley in the Philoso- 
phical Transactions for 1720, an ingenious hypothesis founded 
on the idea that these stars are suns, or the centres of systems, 
held in equihbrio by their mutual attractions, and that the stars 
of the first magmtude are those nearest to the earth. Now the 

* Mem. of the Astron. Soc. Vol. 11. Part 2. Art 29 

^Ibid. Vol III. Paitl Art. 9. 
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number of points which can be placed on one spherical surface, 
at a distance from each other equal to the radius of the sphere, 
is thirteen ; it follows, therefore, that if the stars of the first 
magnitude are so placed, our sun being at the centre of the 
spherical surface, the equilibrium will subsist and, in this case, 
there should appear only thirteen such stars Then supposing 
the stars of the second magnitude to be on the surface of a 
sphere having twice the radius of the fiist sphere, such surface 
would contain fifty-two points at distances from each other 
equal to the distance of the surface of this sphere fiom that of 
the first , and hence it is concluded that there should appear 
but 52 stars of the second magnitude , for a like reason there 
should be but 117, of the thud, and so on, to those of the least 
visible magnitude: and though it is not probable that the stais 
are disposed exactly on the surfaces of such spheres, yet there 
is nothing to disprove the opinion that the stars which appeal 
to us of different magnitudes are situated neaily at the distances 
from us which the hypothesis assigns. The stars of the first 
two magnitudes aie, very nearly, equal in number to those sup- 
posed by Dr. Halley, but we are scarcely able to form a correct 
opinion of the number which should be classed under the re- 
spective magnitudes beyond the first and second. 

The proper motions first suspected by Dr. Halley from a 
comparison of the latitudes of certain stars, observed by himself, 
with the latitudes determined by Ptolemy and Tycho Brahe, 
have been already verified in many of the principal stars , and 
we have mentioned the assertion of Sir William Herschell that 
some of these motions seemed to indicate a movement of the 
whole solar system in space : but, whether this movement is 
progressive or performed m a circular manner about some un- 
known centre of attraction, the observations are not yet suf- 
ficiently sure to allow an opinion to be formed ; and it must 
also be remarked that many of the observed changes of place 
in the stars are quite inconsistent with either hypothesis : the 
complete determination of this question must, theiclbre, be left 
to the astronomers of a future age 

The ancient catalogues of stars being extremely deficient in 
accmacy, Flamstead, between 1668 and 1718, by means of the 
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transit instrument and mural circle with which the Greenwich 
observatory was then furnished, fixed the position of three thou- 
sand stars with respect to their nght ascensions and declina- 
tions : within that interval of time Dr. Halley made a voyage 
to St. Helena, partly for the purpose of obtaining the places of 
the stars m the southern region of the heavens ; and, though 
the atmosphere aboutthe island was unfavourable for astronomical 
observations, he succeeded in determining the positions of more 
than 350 stars, but the honour of making a complete catalogue 
of the southern stars was reserved for La Caille, who accom- 
phshed this great task from observations made in the years 1751 
and 1752, during his stay at the Cape of Good Hope. Sub- 
sequently, an extensive catalogue, containing the places of fifty 
thousand stars, in both hemispheres, which it cost the labour of 
ten years to complete, was made byM.M. Le Frangais and Je- 
rome Lalande ; and we now possess in the Berlin catalogue of 
M. Bode, which contains 17,240 stars with their nght ascensions 
and declinations, computed for the first day of January, 1801, 
and the annual variations of those elements. 
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CHAPTEE XXIV. 

THE TEANSCBNDENTAL ANALYSIS EMPLOYED IN PHYSICAL 
ASTEONOMY. 

At wiat time the planetary theory was first investigated analytically. 

Cause of the revolution of a smaller body about a greater.— The problem of 
Three Bodies apphed by Clairaut and others to the investigation of the 
lunar ine^uahties. — The cause of the moon's acceleration explained by 
La Place. — The inequalities of the mean motions of Jupiter and Saturn 
were investigated by Euler and others — The figure of the earth and the 
constancy of its time of rotation determined by La Place —The variations 
of the precession, the obliquity of the ediptic, and the length of the year, 
shewn.— The figure of the moon determined by La Grange.— The perma- 
nency of the planetary system. 

The geometrical analysis which Newton, following the ex- 
ample of the ancient mathematicians, had adopted in his inves- 
tigations being almost immediately after his death abandoned, 
the fluxionary, or differential calculus, which had been discovered 
by that great philosopher and, perhaps independenfty of him, 
by the celebrated Leibnitz, was zealously cultivated both 
in this country and on the continent; and, having been 
brought to a highly-improved state, it was applied to the so- 
lution of problems relating to the phenomena of the heavens. 
More tTiari half a century, however, had elapsed since the pub- 
lication of the Prmcipia without any attempt being made to 
repeat or extend the researches commenced by its illustrious 
author; but, about the middle of the eighteenth century, a num- 
ber of learned men, as if by a common impulse, embracing the 
law of gravitation proposed by Newton, apphed themselves to 
the task of forming on it, as a basis, by the new analysis alone, 
a complete theory of the planetary movements . among these 
were Clairaut, Euler, and D’Alembert, who, in 1747, apparently 
without any knowledge of each other’s intentions, investigated 
the curve which would be desCnbed by a body when urged by 
an impulsive force in a given direction, attiacted by a second 
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body with a force varying, inversely, as the square of the dis- 
tance, and having its path disturbed by the attraction of a third 
body acting on both at a finite distance from either. 

In the Newtonian hypothesis, all the bodies of the solai- sys- 
tem are supposed to attract each other, mutually, according to 
the same law, and the first step in the enquiry concerning the 
consequences of the principle, appears to have been that of 
determming foi what reason any one or more should levolve 
about another, and why this last should not revolve about either 
of the others; why, for example, the moon should revolve about 
the earth rather than the eaith about the moon, oi why both of 
these should revolve about the sun rather than the sun about 
them; and in answer to this question, it was rightly alleged 
that, smce the attractive piinciple resides in every particle of 
matter, the greater bodies must necessarily exert the greater 
mfluence, and cause a greater movement than can be commu- 
nicated by those which are smaller. When, however, two 
bodies of unequal magnitude, as the earth and moon, attract 
each other, the common centre of gravity of both is at a dis- 
tance from either, inversely proportional to the magnitudes, and 
the attraction of each causes the other to revolve about this 
centre of gravity, so that the moon, which is the smaller body, 
being at the greatest distance from the centre of motion, de- 
scribes an orbitwhich necessarily includes that described by the 
earth about the same point. The sun, also, being vastly greater 
than aU the circumvolving planets is, for a like reason, able to 
make but a very small movement about the common centre of 
the system, when compared with that motion which is per- 
formed by any one of the planets. 

The mvestigahons of Newton had clearly shewn it to be a 
necessary result of his law of gravitation, that the orbit of any 
body revolving about a centre of attmction should be a mathe- 
matical ellipse, the attraction of the other bodies of the system 
being excluded . now, delicate observations had shewn that this 
is neither the figure of the lunar orbit nor of the orbit described 
by any planet, or by the common centre of gravity of a planet 
and his satelhtes; but it was reasonable to suppose that, if the 
planetary bodies reciprocally gravitate towards each other by 
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tlie same law of attraction, such law would suffice to explain 
the deviations of the orbits from the elliptical figure; conse- 
quently, it would be possible, m given circumstances, to com- 
pute, from it, the amoxmt of the deviation and of the inequalities 
produced in the motion of a planet , and this is what has been, at 
length, satisfactorily proved by the mathematicians of the last 
and present ages. If, however, the investigation of the figure 
of an undisturbed orbit ; or, in other words, if a theory of two 
bodies, was thought to be difficult, much more so must have 
appeared that which relates to the attractions of three, or a 
greater number of bodies. In fact, the problem of Three Bodies^ 
as it was called, presents, if considered in all its generality, 
difficulties which all the powers of the modem analysis are not 
able to overcome ; but these have been considerably diminished 
by supposing one of the attracting bodies to be very superior in 
mass to either of the others, as is the case with the sun and 
planets ; or very remote, compared with the distance between 
the others, as is the case with the sun when disturbing the 
moon. 

The variations, caused by the attraction of the sun, in the 
movements of the moon and in the figure of her orbit, are far 
greater than those in the movement and orbit of the earth or of 
any one planet by the attractions of the others, and, on that 
account, the correct determmation of them from the assumed 
law of gravitation is, evidently, the best test of the truth of the 
law ; accordingly, the theory of the moon was almost the first 
object to which the continental mathematicians applied the 
powers of the differential analysis. Agreeably to the method of 
Newton, wffiich has been already explained, and indeed it was 
not possible that any other should be pursued, the distuibing 
force, both in the lunar and planetary theories, was conceived 
to be decomposed into two forces, one acting in the direction 
of a tangent to the path or orbit of a disturbed body, and the 
other in the direction of its radius vector- but, from this point, 
the courses of the investigations conducted by Newton, and by 
the foreign disciples of his school, diveiged from each other, to 
meet only at the conclusioi^ of the enquiry. 

In 1747, both Clairaut and D’Alembert, when heating m a 
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generai way the movement of a body attracted by two others, 
determined, on the same principles, those different inequalities 
of the moon’s motion in longitude which had, previously, been 
distinctly ascertained from observation and explained, though 
briefly, by Newton, in the Principia; and their researches were 
next directed to the determination of the progressive movement 
which was known to take place in the lunar apogeum. The 
cause of this phenomenon had, indeed, been contemplated by 
Newton, but he had rather shewn that the movement was ex- 
plicable by some particular law of gravitation than by that 
which is assumed as the basis of the elliptical theory ; it was of 
importance, therefore, that, assuming the Newtonian law to be 
that of nature, the value of the progression should be determined 
theoretically, in order that, by its agreement with the results of 
observation, should such agreement be found to exist, the truth 
of that law might be established. The process employed by the 
above mentioned mathematicians is one consisting of approxima- 
tions successively made ; and it happened (which is very 
remarkable since both arrived, independently of each other, at 
the same conclusion and at that obtained by Newton himself) that 
the result was, a value of the progression equal to about half, 
only, of its observed value : not being aware of the defects in 
the processes they employed, and not being able to detect any 
error on revising the steps through which the enquiries pro- 
ceeded , it was immediately suspected that so great a difference 
between theory and observation, in a pomt immediately de- 
pendent on the former, could only arise from an erroneous 
assumption of the law of gravitation, which, it was then sup- 
posed, might not be so simple as that proposed by Newton; 
and Clairaut suggested that it might be mversely proportional, 
partly to the square and, partly, to the fourth power of the 
distances of the attracting bodies. This learned analyst, how- 
ever, in 1749, found, by continuing the approximative process, 
employing terms which had been before neglected from their 
supposed insignificance , but which, by integration? acquired 
TOaU divisors and, consequently, became considerable in value, 
that the next step produced a correction nearly as great as that 
which had been previously obtained. The connection thus for- 
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tunately discovered by Clairant, and which Was immediately 
adopted by D’Alembert, being applied to the former result, 
rendered the computed amount of the progression, consequently, 
very nearly equal to the true value of that element. 

We have said that the value of the progression of the lunar 
apogeum might have been found by supposing the law of the 
earth’s attraction to be different from that assumed by Newton ; 
and, therefoie, the determination of that progression by the 
modification which the sun’s perturbating force produces in the 
general law of gravitation is not to be considered as, alone, 
proving the truth of this law, though it affords one of the most 
important arguments in its favom:; but, taken in connection 
with the many other instances in which the results of theory 
accord with observations, where such accordance would not 
exist under any other law of attraction, it produces an irresistible 
conviction that Newton’s law is that of nature. 

Mayer, in his Theoria Luykb^ and Thomas Simpson in his 
Tracts^ which were published m 1754, also investigated by the 
theory of gravitation the elements of the lunar orbit, and suc- 
ceeded in obtaining correct values of its inclmation to the 
ecliptic, and the motions of the nodes and apogeum: and, 
besides the equations of the moon’s movement in her orbit, 
which had been before distinguished, they deduced analytical 
formulae exhibiting several others arising from the various per- 
turbations to which that luminary is subject; the former astrono- 
mer founded also, on those deductions, the correct tables of the 
lunar motions which we have already had occasion to mention- 

Dr. Halley had discovered, by comparing the places of the 
moon, deduced from the observations of the Chaldeans, of Hip- 
parchus and of Ptolemy, with those obtained from the modem 
astronomy, that the moon’s mean motion was constantly acce- 
lerated at the rate of about one degree in two thousand years ; 
and, in his time, it was generally believed that this acceleration, 
and the corresponding diminution of the moon’s mean distance 
from the earth, would continue tUl the former body should come 
in contact with the latter ; when, it was conceived, the race of 
man, and his works, would be destroyed and the earth would 
revolve about the sun without a satellite. As this diminution 
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of the moon’s motion appeared, at first, incapable of being ex- 
plained by solar or planetary perturbation, other causes of the 
phenomenon were to be sought for: M. Bossut suggested that it 
might be owing to the resistance of a medium diffused through 
the celestial spaces , and La Place, at one time, imagined that it 
might be a consequence of the time spent in the transmission 
of the power of gravity from one body to another : but this great 
astronomer having proved that these causes are not sufficient 
to account for the effect; and having discovered that the mean 
motions of the satellites of Jupiter are subject to secular 
variations dependent upon the eccentricity of the orbit of that 
planet, immediately conceived that the variable eccentricity of 
the earth’s orbit might, in hhe manner be the cause of the ap- 
parent acceleration of the moon’s motion. The processes he 
had employed in the theory of Jupiter’s satellites were, therefore, 
applied to that of the moon, and, from the assigned cause, which 
IS itself produced by the combined attractions of the sun and 
planets on the moon, he discovered that there resulted a secular 
inequality not only of the moon’s motion, but also, of the motion 
of the nodes and perigeum of her orbit , by which the first is, 
at present, augmented, and the other two diminished. The 
values of these inequalities, determined by theory, were found 
to correspond with those deduced from the observations of the 
ancient eclipses recorded by Hipparchus and Ptolemy , and La 
Place remarks that, from them, the ages in which those astro- 
nomers hved might be determined within a century or' two ; 
fi*om them also, the Plindu Tables, which Bailly supposed to 
have been formed three thousand years before Christ, might, he 
observes, be proved to be less ancient than the tables of 
Ptolemy The periods in which these inequalities compensate 
themselves are immense, but the opinion that the moon will at 
any time come in contact with the earth must now be abandoned , 
since, by a change m the configurations of the disturbing bodies, 
effects directly the contrary of those which are now observed 
win, in time, take place , those effects will continue till a new 
change again reverses the order of the movements ; and there is 
no reason to believe that this oscillation will ever terminate. 

* Mecamque Celeste, Tom. V. page 360. 
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The planets Jupiter and Saturn being much superior in mag- 
nitude to any of the others, it is evident that the action of the 
sun upon them, and their reciprocal actions on the sun and on 
each other, may be considered as nearly independent of the at- 
tractions exercised by the other bodies of the solar system. 
These three bodies, therefore, constituting, in themselves, almost 
a complete system, it was natural to apply to them processes 
similar to those which had for their object the mutual actions of 
the earth, sun and moon, considering either Jupiter or Saturn 
as a body revolving about the sun in an elliptical orbit, and 
disturbed by the attraction of the other planet: the conditions 
in the two theories seemed, at first sight, nearly the same , and 
it might have been supposed that the results would be of a like 
kind. A difference, however, does exist between the theories ; 
for, m that of the moon, the sun’s distance is always much 
grc’atei than that of the eaith; whereas the distance between 
Jupiter and Saturn, when both are in conjunction with the sun, 

IS neaily equal to that of the sun fi.om Jupiter ; hence it follows 
that the perturbations which these planets produce in each 
other’s motions are, m some circumstances, of a nature opposite 
to those produced by the sun on the motion of the moon about 

the earth. 

We have mentioned that Newton did not investigate the per- 
turbations which the actions of the planets on the sun and on 
each other produce in the elliptical motions : he observes, how- 
ever, that the action of Jupiter on Saturn, when both are in con- 
junction with the sun, is to the action of the sun on Saturn as 
1 to 211, and therefore the former ought not to be neglected; 
but It IS a remarkable fact, as is observed by Euler and La 
Place, that the derangement of Satmn, when the two planets 
are so situated, is almost insensible, and the corresponding de- 
rangement of Jupiter is about six times as great, though the 
action of Jupiter on Saturn is to the gravity of Jupiter towards 
the sun m the ratio of 1 to 500 only. 

Both ancient and modem observations had mdicated great 
nregulaiities in the motions of those two planets. Dr Halley, 
from a comparison of the more ancient observations had per- 
ceived a diminution in the mean motion of Saturn, and an acce- 
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leration in that of Jupiter: M. Lambert had obtained a contraiy 
result from a comparison of the observations of Tycho Brahe 
with those made in the 18th century , and, lastly^ La Lande 
found that the returns of Saturn to the vernal equinox took 
place earlier, and those to the autumnal equinox later, than the 
times assigned by theory^ though the positions of J upiter and 
Saturn with respect to each other and to their aphelia were 
nearly the same. From these circumstances it was, generally, 
concluded that some foreign cause deranged the motions oi 
those planets, or that there was something yet undisco veicd in 
the principle of gravitation itself. 

Now Euler, in a paper composed in 1748, for the pnze otFered 
by the Academy of Sciences at Pans, investigated the theory of 
planetary perturbation ; and this Essay must be considered as 
the first of those three which were, nearly at the sanae time, 
written by Euler, D’Alembert and Clairaut on the subject; and 
which are considered as contaimng the solution of the problem 
of the three bodies. The essay of Euler is confined, chiefly, to 
the enquiry concerning the pertuibation of the motion of Saturn 
by the action of Jupiter ; but, in it, this great mathematician 
facilitated, in a most important manner, the analysis of these 
subjects by developing the pertmbating forces and the mutual 
distances of the perturbating planets, m sines and cosines of an- 
gles augmenting with the time; certain errors in his calculations, 
however, vitiated his results, and, when the longitudes of Saturn 
computed from the formulae were compared with the observed 
longitudes, they were found to differ considerably ; the errors 
not being discovered on a revision of his processes, he was led 
to suspect that the Newtonian law of gravitation required to be 
modified: a suspicion which he afterwards shared with the other 
two mathematicians above mentioned, but which was soon per- 
ceived to be unfounded. 

It was in considering the inequalities of Saturn dependent upon 
the eccentncity of Jupiter’s orbit, that the integration of his diffe- 
rential equations brought out an inequality of longitude which 
was expressed by an arc of a circle unaffected by sine or cosine^ 
and hswing a coefficient increasing with the i%me ; a similar term 
occurred m the lunar theory ; and, since trigonometrical functions 
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of arcs dependent on the time are essential to the expression 
of periodical inequalities, it follows that the absence of such 
functions in a term must indicate the existence of an inequality 
which, instead of being periodical, would go on for ever increas- 
ing : but, by employing particular artifices in the analysis, Euler 
and D’Alembert were enabled to get nd of the simple arc ; and 
the perpetual inequality of motion, of course, vanished with it. 

Euler gave, in 1752, a second memoir concerning the planetary 
movements, confining his researches, however, as in the former, 
to the motions of Jupiter and Saturn ; and in this he notices 
his important discovery, that the eccentricities and positions of 
the aphelia of those planets vary continually, but unequally, m 
different ages, and that they restore themselves in a period of 
30000 years. He wrote a third memoir, in 1756, in which he ar- 
rives at the same result as in the first, but by different processes, and 
assigns the value of two secular equations in the longitudes of 
Jupiter and Saturn, which, by errors in the calculations, he 
makes equal to each other, and both additive to the mean lon- 
gitudes of these planets. In these papers the merit of Euler, m 
shewing the most direct path by which the results of the theory 
of gravitation may be obtained, and in overcoming by his pro- 
found skill in analysis, difficulties which would have arrested 
the generality of mathematicians, is eminently conspicuous : he 
has here exhibited the differential foimulse for the periodical and 
secular variations of the planetary motions ; and though some 
of these are erroneous, it was comparatively easy foi his succes- 
sors to rectify them by follovdng his steps 

To the works of Euler concerning the mutual perturbations 
of the planets must be added the Recherche^ but le systime du 
Monde, published by D’Alembert in 1754, and the Memoirs, by 
La Grange, in the third volume of the Mdanges de la SocUU 
Royale de Turin. The former mathematician applied, to the 
movements of the planets, when disturbed by their mutual at 
tractions, the formulae by which he had determined the motions 
of the moon ; but, in this enqmry, he does not appear to have 
added much to the investigations of Euler. La Grange, who 
seems to have been then unacquainted with the three essays 
above mentioned, obtained both analytical and numeiical ex- 
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pressioHS for the secular variations of the eccentricity, the places 
of the apheha and nodes, and the inclinations of the orbits of 
Jupiter and Saturn, which La Place admits to be exact: he 
found, also, the two secular equations in their longitudes; hut, 
contrary to the determination of Euler, he makes them unequal, 
and one of them additive to the mean longitude of Jupiter; 
while the other, which is the greatest, is subtractive from the 
mean longitude of Saturn: both, however, have been since 
found to be erroneous. 

The enquiries of Euler and La Grange having failed in throwing 
light upon the cause of the inequalities in the mean motions of 
those two planets, the subject was taken up by La Place, who 
was induced to enquire whether those inequalities which, to 
some persons had appeared to indicate a perpetual acceleration 
m the motion of one planet and retardation in that of the other, 
might not he accounted for on the supposition, that the power 
of gravity was transmitted through space m a definite time ; but 
a contemplation of the effects which, in the lunar theory, might 
be supposed to have arisen from such transmission of the power 
of gravity, led to the discovery that the velocity with which gra- 
vity must be propagated through space must be fifty million 
times greater than that of light ; and his conclusion is that this 
cause could not be productive of the inequalities m question. It 
was reserved, then, for this illustrious disciple of Newton, to de- 
duce fi:om the theory of gravitation the nature and values of 
those inequalities , to shew, in fact, that they are periodical 
like the other variations in the elements of the lunar and planet- 
ary theories, hut that they are compensated at the end of long 
intervals of time: and he thus explains them in the fifteenth 
book of the Micamque Celeste, 

It is a remarkable result of the reciprocal attractions of the 
planets that, if we consider only the secular inequalities, the 
sum of the masses of the planets divided, respectively, by the ma- 
jor axes of their orbits, considered as variable ellipses, is very 
nearly constant. But, in the expression for the longitude, those 
inequalities acquire, by integration, the squares of the small co- 
effieients of the time, for divisors ; which, therefore, may render 
them considerable : from thence it follows that the sum of the 
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products of the seciilai inequalities resulting from the actions of 
Jupiter and Satiim, multiplied, respectively^ by the masses of those 
planets, is mill : therefoie when, in consequence of these inequal- 
ities, the motion of Saturn diminishes, by the attraction of Ju- 
piter, that of Jupiter must be accelerated by the attiaction of 
Saturn ; and the diminution must be, to the acceleration, in the 
latio of the product of the masses of those planets multiplied by 
the square roots of their major axes , which is neaily confoim- 
able to the deteiminations of Halley On the other hand, when 
these inequalities acceleiate the motion of Saturn, they diminish 
that of J upiter m the same propoition , which agiees neaily with 
the result obtained by Lambert. From these circumstances, and 
because the mean motions of Jupitei and Saturn are nearly com- 
mensuiable. La Place was led to infer, m the motion of each 
planet, the existence of an inequahty, which might be compen- 
sated only at the end of a long period In fact, as he observes, 
five times the mean motion ot Saturn is neaily equal to twice 
that of J upitei , and he concluded, that the terms whose argu- 
ments weie expiessed by the difference of these mean motions 
might become sensible, by integration, though they should be 
multiplied by such quantities as the cubes of the eccentricities 
and of the inclinations of the orbits : retaining, therefore, such 
tcims in the investigation, the result justified his conjecture, and 
he found that there existed in the motion of Saturn an inequality 
whose pciiodis 929 years, and in the motion of Jupiter a corre- 
sponding inequality which is affected with a contraiy sign, and 
whose peiiod is nearly the same; the diffcience between the two 
scarcely amounting to one degree in one thousand years. The 
neaily commensurable proportion between the mean movements 
of these planets is, he observes, the cause of seveial other ine- 
qualities; of which the most considerable is one affecting the 
motion of Saturn, and it is this which, in the last century, ren- 
dered the leturns of Saturn to the equinoctial points, apparently, 
iiicgular ; as La Lande had lemaiked. Thus, adds he, je ms 
Louies les observations anciennes et modernes i epr^senlSes par 
ma tMorie^ avec la precision qii^elles comporteni, Elies sem^^ 
hlaient atipamvani^ inexplicable s pa'i la loi de la pesanleur uni^^ 
mrselle , elks en sont maintenant tine des prelates les plus 
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frappanies Tel a le sort de cette hnllante d^coxiverUy que 
chaque difficulU qui s^est dev^e, est devenue pour elle, un nou- 
veau sujet de tnomphe , ce qui est le plus siiQ caracUre dii vrat 
syst^me de la nature \ La Giange had discovered that the mutual 
peiturbatioiis of Jupiter and Saturn, by malting their nodes le- 
trograde on each other’s orbits, cause the intersections of both 
orbits with the ecliptic to advance and retiogiade alternately 
about a mean point on the latter , the inclinations of the oibits 
to the ecliptic were, also, found to oscillate within certain 
limits about a mean state , and all these variations appear to re- 
quiie for their accomplishment an interval of many thousand 
years. 

We have seen that Newton and Huygens had determined the 
figure of the earth , the foimer, on the supposition that its mass 
was of uniform density, and the latter, on that in which the 
different strata varied, in density, from the centie to^ the surface 
according to a certain law. But, in 1743, M. Clairaut, in his 
Throne de la Figure de la Terre, exhibited several general equa- 
tions concerning the equilibrium of fiuids ; and, applying them 
to the earth, supposing it to be a mass consisting of several 
fluid strata varying in density, and revolving on a common axis, 
and, again, supposing that the earth consists of a solid nucleus 
of variable density and covered with a fluid , he proves that, in 
both hypotheses, an ellipsoid of revolution satisfies the condition 
of equilibrium in every stratum . he anives, also, at the lemark- 
able conclusion that, assuming the polai axis and the force of 
gravity at the equator to be, each, expressed by unity, the ex- 
cess of the equatorial axis above the polar, added to the excess 
of gravity at the poles above that at the equator is a constant 
quantity The theory of Clairaut was rendered more general 
by D’Alembert m his Recherches sur le Systhne du Monde, and 
this celebrated mathematician determined the attractions of any 
spheroid, the equation of whose surface is algebraical; the 
subject was, however, treated on the like hypotheses concerning 
the constitution of the earth, with greater precision and ele- 
gance by La Place in the third book of the M^camque C^lesie ; 


^ Mee. 08. Tom. Y. page 324. 
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and, afteiward, m the eleventh booli, m ordei to bring the given 
conditions neaier to those ofnature, he has included the case, 
in which the fluid leaves uncovered a poition of the solid 
spheroid fiom these hypotheses he has investigated the figure 
which the eaith should assume, when in eqnilibrio between the 
attractions of its matter and the disturbing forces produced by 
the actions of the sun, moon and planets , and he finds it to be 
that of a ceitain ellipsoid he acknowledges, however, that this 
may not he the only figure under which an equilibiium may sub- 
sist; but he proves that, whatever may be the fonn of the 
earth, provided it dilFers but little from a sphere, the vaiiations 
of giavity will follow the same law as in a regular ellipsoid. 

Experiments made with pendulums, in diflerent paits of the 
earth, prove that the inteiior of the latter is not homogeneous ; 
and, a comparison of these experiments with the lesults of 
analysis shews, that the densities of the stiata diminish from 
the centre to the suiface but La Place observes that the regu- 
larity with which the variations in the lengths of the pendu- 
lums accoid with the law of the vaiiations of the force of 
gravity (the squares of the sines of the latitudes) warrants the 
conclusion that the strata are regularly disposed about the 
earth’s centre of gravity ; and that their form is nearly that of 
a spheroid of revolution. 

Having shewn the near agreement of the values of the earth’s 
ellipticity, obtained from the measures of the degiees of latitude 
and from the two inequalities of the moon’s motions w^hich 
he had fomid to be caused by the oblate form of the earth, with 
that which results from the theorems directly deduced, on the 
supposition that the surface of the terrcstnal spheroid is a fluid 
ill cqiiihhrio 5 La Place also infers that the general depth of the 
ocean must bo small, and of the same order as the mean height 
of the continent and islands above its level, a height which does 
not exceed one thousand yards. 

That great changes have tahen place on the surface of the 
earth is, however, admitted our actual continents have formerly 
been situated under the ocean, and the latter must, at one time, 
therefore, have retired from them to the bed which it now occu- 
pies, in consequence of partial smkings and risings of the 
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ground ; but these changes do not appear to hare been attended 
with a depression of the general level of the waters amounting 
to more than a small part of the diference between the equa- 
torial and polar diameters of the earth j and La Place concludes 
that there has not, consequently, been any sensible change in 
the position of the axis of the eaith’s diurnal rotation , which 
observations piove, moreover, to have always conespondcd with 
the same points on the teiTestrial surface. 

In the eleventh book of the M^canique celeste this illiistiious 
mathematician and astronomer also considers the question 
whether the period in which the earth’s diuinal lotation takes 
place IS susceptible of variation : a question of the utmost im- 
portance, since the supposition that this element is constant is 
involved in every conclusion dliawn fiom celestial observations, 
and since the period of the rotation is always used as an in- 
vaiiable standard for the measure of time. Geological obsoiva- 
tions, however, present abundant evidence that the eaith was, 
originally, in a state of flmdity, fiom heat , and a gradual cool- 
ing of the mass, by causing a continual contraction of its bulk 
will, necessarily, produce a conesponding diminution in the 
penod of rotation : for, by the approach of the molecules to- 
wards the centre, their radii vectores would, if the movement 
were not accelerated, describe smaller areas in given times about 
the axis of rotation ; but the momentum of the whole mass 
being supposed to remain for ever the same, it follows that the 
equalities of the areas must be preserved and, therefore, each 
molecule must describe a greater arc in a given time , that is, the 
velocity of the earth’s rotation must increase, and the penod of 
its rotation be shoitened, and this eifect should continue till 
the eaith has acquired a mean temperature equal to that of the 
space in which it moves but, from the theory of the secular 
inequalities of the moon, compared with the observations of 
ancient eclipses. La Place concludes that the duration of the 
natural day cannot have varied by so much as one hundredth 
of a second since the age of Hipparchus. The constancy of the 
earth’s rotation cannot but appear one of the most remarkable 
phenomena in nature; that, notwithstanding, the variable ve- 
locity of the earth in its revolution about the sun, the distoition 
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of its Oibit and tlie displacemept of tlie plane of the terrestrial 
equator by the attractions of the celestial bodies, this movement 
should not have suffered any appreciable change within 2000 
years, is a circumstance which we should not have previously 
imagined, and which must be considered as the strongest ex- 
ample illustrative of the axiom in philosophy, that motion once 
communicated to a body, if not lesisted by an external power, 
will continue for ever undinumshed. 

About eighteen months after the publication of Dr. Bradley’s 
account of his discoveries relating to the inequalities. of preces- 
sion and nutation, M. D’Alembeit, by analytical processes, suc- 
ceeded in shewing these inequalities to be the results of the 
vaiiable actions of the sun and moon on the teirestiial spheioid; 
and in the M^movres de V Academic des Sciences for 1754, ex- 
tending his investigations to the geneial case, in which the 
parallels of terrestrial latitude are ellipses, he determines the 
ratio between the two axes of the ellipse described by the true 
pole of the caith, and the law of the pole’s motion m the peri- 
phery of that ellipse La Place has, even, examined the effects 
produced upon tlie eaith’s axis by the movements of the ocean 
and ‘atmosphere, and he proves that they are the same as if 
these had formed a solid mass adhering to the terrestiial sphe- 
roid. We owe to the same mathematician the investigation of 
an effect aiising fiom the general attraction of all the planets 
upon the earth, which consists in a giadual displacement of the 
plane of its orbit, and in a slow diminution of the obliquity of 
the ecliptic to the equator, togethei with a small movement of 
the equinoctial points, in direct order. The annual amount of 
the former, in the present age, is about 0''.521, and the latter, 
about O'' 313 , but theory has, also, proved that the general 
atti action of all the planets on the earth will not always pro- 
duce a diminution of the obliquity of the ecliptic, nor a diiect 
movement of the equinoctial points , in pioccss of ages, by 
changes in the positions of the planets, the effects of their at- 
ti actions in these lespects will become less , they will, aftei- 
ward, cease entnely , and for a time, the obliquity of the eclip- 
tic and the gonoial lotiogiadation of the equinoxes will appeal 
constant, but the positions again changing, those seculai vaiia- 
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tions, as they are called, will again commence, but in contiary 
orders ; then, for ages, the obliquity of the ecliptic will appear 
to increase and the former direct movement of the equinoxes 
become retrograde , and these elements will thus appear to 
oscillate within certain narrow limits which have not yet been 
accurately defined. The annual amount of the general retro- 
gradation of the equinoctial points is, by theoiy, found to be 
equal to 50''.413 ; and the difference between this quantity and 
the variation above mentioned is equal to the amount of the rc- 
tiogradation [50" 1] determined by comparisons of the modem, 
with the ancient obseivations on the longitudes of stars The 
variability of the movement of the eqpinoctial points necessarily 
produces coriespondmg variations in the length of the tropical 
year, and since, at present, the general retrogradation suffers, 
as we ha^e said, a diminution, there ensues, in the length of 
the year, a corresponding diminution which has been shewn by 
La Place to be equal to about four seconds, on comparing the 
present length with that in the time of Hipparchus : the same 
causes operating, the diminution will continue till it arrives at 
a certain limit, after which an augmentation will take place to 
an equal extent , and the value of the year will thus alteniately 
increase and dimmish, probably for ever. 

In 1764, La Grange investigated the theoiy of the moon’s 
figure supposing her to have been orginally fluid, he ascertained 
that, by her movement of rotation, she must, like the earth, 
have acquired an ellipsoidal form, and he found that, in the 
direction of the diameter which tends towards the earth, the 
elevation should be four times as great as that’m the direction 
of a diameter at right angles to the former; this he shews to be 
the cause of her keeping nearly the same face constantly towards 
us; and it appears to be a necessary consequence of her figure 
that the nodes of her equator and her orbit should coincide, 
but La Grange considers it probable that these are subject to 
certain small oscillations about then mean point of coincidence 

It is, now, to be understood as completely established that the 
inequalities of motion which were formerly supposed to continue 
indefinitely, are of the same nature as those which are compen- 
sated in comparatively short times, and which are, on that 
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account, called periodical, the former, however, requiring 
many ages for their compensation, have received the denomina- 
tion of secular mriations. During the prevalence of the idea 
that these inequalities were progressive it was confidently 
asserted, and Newton himself certainly entertained the opinion, 
that they would, finally, bring on the destruction of the solar 
system unless the power of the Creator should interpose to 
restore the order of things to its original state, but the dis- 
coveries of the modern analysis have oveiturned that notion, 
and we now consider that a particular intervention of the Deity 
would be necessary to put an end to that order, which he seems 
to have constituted for an eternal duration, or even to make any 
consideiable change m the disposition and movement of any one 
of the planets The most remarkable fact brought to light 
by analysis is, that the major axes of the orbits, and the times of 
the 1 evolutions of the planets about the sun, though subject to 
peiiodical variations, are entirely free from those called secular : 
La Grange, in the M^moires of the Berlin Academy foi 1776, 
has shewn that, in the solai system, neither the reciprocal 
attractions of the planets nor their oblate figures can, while the 
perturbating forces are veiy small compared with the attraction 
of the sun, produce any but temporary alterations either in the 
figures of the orbits or in the times of the revolutions, his 
argument being that the changes of the major axes, on which 
the other elements depend, can always be expressed by the 
sines and cosines of angles and are, consequently, peiiodical; a 
ciicumstance which may be considered as demonstrating the 
permanency of the system to which we belong. 

In conclusion, let it be observed that, should any new theory 
be hereafter proposed to account for the celestial movements, it 
may, without hesitation, be pronounced useless; since that 
which rests on the Newtonian principle of gravitation has been 
found capable of accounting for the most minute variations in 
the planetary motions, and since, on comparing the results 
obtained by the formulae deduced fiom it with actual observa- 
tions, the differences are, in aU cases, very nearly within the 
limits of the errors arising from the defects of the instruments, 
or from the imperfection of human vision. Therefore, though 
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the piinciple above metilioned be objected to as hypothetical, 
DO advantage will be gained by introdiicmg any other, which 
must be no less so, and which cannot possess the merit of 
supeiior simplicity It foltbws that, in astronomy, human 
ingenuity will, piobably, in future, be able to accomplish little 
more than an improvement in the means of making observations, 
or in the analysis by which the rules of computation are investi- 
gated: it must be owned, however, that the last subject offeis 
an ample field for the exercise of mathematical talent, pure 
science, in its present state, being still veiy inadequate to the 
diiect attainment of the ends proposed, while its intricacy, in 
the higher departments, is such as to render the processes unin- 
telligible to all but the few distinguished persons who, by 
Nature and profound application to the subject, are qualified 
for such researches. 


THE END. 
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